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UTHENTIC information on the great questions of 
heredity is more in demand now than ever before. 
Every thoughtful person desires and needs to know 

the fundamental facts of inheritance. 

The number of investigators who are creating new forms 
and improving old forms of our plants and animals is in- 
creasing all the time, and each discovery opens the way to 
some additional field of profitable human industry. 

Much of our present-day charity is palliative only and 
can be nothing else until we recognize that many of the 
causes of distress or misery are in heredity. The studies 
of inheritance in man are indicating new lines along which 
the vast giving of charity must be directed. 

There can be no better way of encouraging young people 
to think correctly about these problems than to make them 
members of this Association and place before them the 
JOURNAL OF HEREDITY with its illustrated articles 
from the pens of the men who are actually making the dis- 
coveries. 

Is not the holiday season an especially suitable time for 
members to think of this service they may do for their friends 
and associates, and extend this vital branch of human 
knowledge? 
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A HIGH GRADE WILD SKUNK 


Skunk fur farming can be made a very profitable industry under proper conditions, and as a 
vocation it need not be at all unpleasant. In captivity or semi-domestication the unpleasant 
factors are eliminated. The photograph shows a high grade star male which was bred to the 
mutant female shown below, producing the normal wild type in Fig. 6. (Fig. 1.) 


AN ALBINOTIC FEMALE 


Trappers in the United States get about $3,000,000 annually for skunk skins alone, the yearly 
output being about 2,000,000. Skunks thus already form an important source of our native fur 
supply, and the fur is said to be among the very best wearing kinds. This albinotic female (mutant 
b) has black eyes, with brownish hair on the face. She is the mother of the litter shown in Fig. 6. 
(Fig. 2.) 
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SKUNK BREEDING 


With Notes on Mutations and Their Genetic Behavior’ 


J. A. DETLEFSEN 
Laboratory of Genetics, Illinois Agricultural Experiment Station, 
F. M. HOLBROOK 
Skunk Development Bureau, White Plains, N. Y. 


HE fur of many species of mam- 
mals has been a source of cloth- 
ing, comfort, and ornament to 
man since prehistoric times. Man, 
however, has been encroaching upon 
the native haunts of the fur bearers. 
Deforestation, draining of marshes, 
lax game laws, and close trapping 
have followed our increases in popula- 
tion. The result has been a marked 
decrease in the available fur supply. 
Dearborn’ states that “in the State of 
Wisconsin, trappers in 1917 took over 
800,000 muskrats; in 1918 they took 
less than 300,000; and in 1919 only 
about 150,000. These decreases oc- 
curred in spite of the fact that there 
was an increase of 10 percent each 
year over the previous year in the 
number of trapper’s licenses sold.’ 
The case illustrates in a general way 
the situation with respect to many 
fur bearing mammals. the 
human population was thinly scattered 
and economic supplies were plentiful, 
man could be lavish with his resources, 
but a rapidly growing population has 
changed these conditions and compelled 
man to use more intensive methods in 
the production of food and clothing. 
Some efforts have been made to con- 
serve and regulate the fur supply 
through fur farming. Fur farming 
means, ina narrow sense, breeding so- 
called wild animals in captivity orina 
state of semi-domestication. Up to the 
present, most attention been 
directed toward the black, blue, red, 
gray, and silver fox, the skunk, mink, 
muskrat, marten, fisher, otter, raccoon 
and opossum. Of these the fox, 
skunk, and muskrat can be farmed 


most profitably under proper 
conditions. 


THE UNITED STATES NOW IMPORTS RAW 
SKINS 


The extent of the fur trade in the 
United States is not generally a matter 
of common knowledge. In earliest 
colonial times trapping and fur trading 
formed a most important item in the 
commercial history of America. For 
300 years America exported raw furs 
to Europe, where they were dressed, 
dyed, and manufactured. In the last 
decade a decided change has taken 
place, for dressing, and manufacturing 
are now being conducted on a large 
scale in the United States, particularly 
in and near New York City, where, (as 
Dearborn*® states in his pamphlet on 
“The Maintenance of the Fur Supply’’) 
“in 1918 there were about 60 dressing 
and dyeing plants, 500 dealers, 1200 
manufacturers, 18,000 operatives, and 
an investment estimated at between 
$200,000,000 and $300,000,000."" We 
are now (1919) importing annually 
raw skins valued at $69,000,000, while 
the imported dressed skins are worth 
only $4,000,000. This means that 
America is in a position to prepare and 
use all the skins we produce and can 
even import skins. One important 
source of our native fur supply is the 
musteline family, including the skunk, 
mink, badger, marten, sable, otter, 
ermine, and fisher. The U.S. Depart- 
ment of Agriculture states in Farmers’ 
Bulletin 587 that skunk pelts alone 
bring to United States trappers about 
$3,000,000 annually. The annual out- 
put in skins is about 2 000,000. 


' Paper No. 18, from the Genetics Laboratory, Illinois Agricultural Experiment Station. 
* Dearborn, N., 1920, Circular 135, U.S. Dept. Agr. 


3 Loc. cit. 
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BREEDING SKUNKS FOR SIZE AND COLOR 
OF PELTS 


Assortative matings mark the begin- 
ning of improvement in the process of 
domestication. In breeding skunks for 
fur, this truism must be as apparent as 
it is with our common cattle or sheep. 
Simple random breeding cannot super- 
sede carefully planned matings, for such 
considerations as size of pelt, length, 
density, and texture of fur, color, and 
amount of spotting are indispensable 
to progress. Whenever man_ begins 
to improve an animal or plant, he be- 
gins with the imperfect raw material 
which Nature presents to him. The 
raw material in the case of the skunk 
may be any one of a number of species, 
subspecies or varieties of the genus 
Mephitis. One of the best wild skunks 
and one commonly used is the small 
Eastern skunk, Mephitis pudita Boi- 
tard. This species has a glossy, silky 
black coat of good texture and density, 
but it lacks size. Furthermore, the 
white stripes are not desirable, for the 
market demands a self-black pelt, or 
something as near to that as possible 
(see Figs. 1 and 8). The white patches 
must be cut out, sewed together, dyed, 
and sold for cheaper grades. This 
reduces the size of the pure black 
pelt and necessitates fitting smaller 
pieces together. 


SOME PROBLEMS OF SKUNK FARMING 


There are several outstanding prob- 
lems in the domestication of the skunk 
and in skunk farming. Skunks will 
live in almost any part of America, but 
they naturally produce pelage of finest 
quality in the colder regions. The food 
problem is somewhat simplified because 
the skunk is omnivorous; nevertheless 
a skunk farm should have a cheap 
supply of food readily available. The 
item of food cost is negligible in the 
case of the blue or silver fox because 
they command sufficiently high prices; 
but skunks are more abundant and less 
valuable as individuals, therefore food 
cost is a significantitem. Meat, meat 
scraps, chicken heads, stale bread, fresh 
table scraps, many kinds of vegetables 


and fruits, sweet or sour milk, mice, 
rats, rabbits, et cetera give ample 
material for a varied menu. In our 
genetic investigations we used mice 
discarded from other experiments, sour 
milk, peanuts, dried prunes, stale 
bread, table scraps, vegetables, or 
fruit occasionally, and fresh water as 
the staple diet. 

An apparently insurmountable ob- 
stacle in skunk farming is the skunk’s 
efficient protective response, but this 
need be no handicap, for a simple 
operation with or without anaesthetic 
removes the scent sacs completely 
without spilling or wasting any of the 
valuable scent. To remove the scent 
sacs, a horizontal slit is cut on each 


side of the vent, beginning about three 


eighths to one-half inch from the vent, 
in order not to injure the sphincter 
muscle which encircles it. The slit is 
made directly over the scent sac which 
can be located easily by palpation. 
Cutting down to the sac, it is then dis- 
sected from adhering muscles and 
raised so that the duct may be clamped 
with forceps or haemostat. The duct is 
severed and the entire sac is completely 
removed. No stitches are necessary, 
but we find that an application of iodo- 
form to the wound is beneficial. The 
whole operation is of course performed 
under aseptic conditions. There is 
some market for the scent fluid. It is 
used to cover up traces of man by 
hunters who trap or hunt animals 
which shun man. The scent fluid is 
simply smeared on the boots and traps, 
thus quite completely disguising any 
odor of man and at the same time 
attracting the enemies of the skunk. 
In many cases, and under certain con- 
ditions, there is really no necessity for 
removing scent sacs. By careful, intel- 
ligent, and somewhat sympathetic 
management, one can even handle live 
adult unoperated skunks without mis- 
adventure or regret. The scent fluid is 
an oily compound, and therefore in 
case of mishap during the operation, 
strong soap and water, and gasoline 
will saponify and dissolve out most of 
the oily scent fluid which may per- 
chance get on the hands or face. Such 
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CAREFULLY PLANNED MATINGS ARE NECESSARY TO SECURE FINE PELTS 


This is a very high grade female skunk with a split cap. She is the daughter of the female 
(mutant c) shown in Fig. 5 by a very high grade male. Indispensable considerations in this sort 
of breeding are size of pelt, density, texture, and color of fur, and amount of spotting. Assortative 
mating must therefore be carefully planned for these results. (Fig. 3.) 

Normal wild skunks possess two white stripes of varying extent. One of the greatest problems 
in skunk breeding is to produce what fashion seems to demand—solid black skins. By selective 
breeding the white stripes can at least be reduced in size; and a self-black mutant may occur. 


faint traces as remain may be covered 
up and sealed by Balsam of Peru. 

The existence of these scent glands 
and their chemically complex secretion 
is an astonishing and freakish play of 
evolution. They are also found in other 
members of the Mustelidae, for exam- 
ple, the mink. There is some histologi- 
cal evidence that the glands are 
homologous with the sweat and seba- 
ceous glands of the skin. The secretion 
itself has been studied in some detail 
by Aldrich, who found by fractional 
distillation that it could be divided into 
two approximately equal portions, the 
more volatile A and the less volatile B. 
The more volatile A can be divided 
again into three fractions, a, b, and c, 
all of which give mercaptan reactions. 
B gives no mercaptan reactions, but 
both A and B are remarkable in the 
large amount sulphur present. B prob- 
ably contains some of the alkyl sul- 
phides. The analysis of A shows that 


the fraction, a, is made up largely of one 
of the butyl mercaptans (C;H.SH) 
and possibly some of the higher mer- 
captans. The mercaptans or alkyl 
hydrosulphides resemble the alcohols 
except that sulphur replaces the oxygen 
of the alcohols. In general they have a 
repulsive garlic like odor, an odor we 
have often noted in disarming skunks. 
Aldrich made some interesting tests 
on the amount of secretion which may 
be recognized by the sense of smell and 


1 


found that 6,900.000,000 of a milligram 


of the fraction, a, in a cubic centimeter 
of air could be easily detected, and 


1 
even a dilution of ofa 


69,000,000 ,000 


milligram to a cubic centimeter of air 
was faintly apparent to all who 
entered the experimental enclosure. 
The persistent, pervasive, and pene- 
trating character is common to mercap- 


* Aldrich, T. B., 1896. Jour. Expt. Med., Vol. 1, pp. 323-340. 


A PURE ALBINO FEMALE (MUTANT A) 


White skins are in demand for children’s furs, and breeding pure white skunks is not an impossi- 
bility. The photograph “nga e ‘a as taken from a mounted specimen in possession of the Skunk 


Development Bureau. (Fig. 


tans other than the butyl found in the 
skunk. These trials are only another 
proof of the extremely sensitive testing 
apparatus we have in the olfactory 
sense—far more delicate than _ the 
spectroscope, as Aldrich states. 


MARKET DEMANDS SOLID BLACK SKINS 


There are also genetic problems of 
much importance and of more difficulty 
than the problems of simple manage- 
ment. The normal wild skunk shows 
two white stripes of varying extent, but 
the fashion demands a solid black or 
something as near that as_ possible. 
There is no doubt but that selective 
breeding can reduce the proportions 
of this white pattern, and give races 
with at least only a small patch of 
white on the crown of the head—the 
so-called star black. <A high grade 


star male in our experiment was 
mated to an albino whose pattern 
factors were of course unknown. The 
offspring were of the very high grade 
(see Fig. 7) like the sire. One of these 
showed a split star in which only a 
small patch on each side of the head 
remained. This is the highest grade 
individual we have ever seen (Fig. 3 
We know of no imperative or inherent 
reason why a mutation to self-black 
should not occur, in which the factor 
(or factors?) for white stripes would 
be eliminated. Such a form should then 
breed true to self-black and thus solve 
one of the most perplexing problems 
of skunk breeding. We have received 
records of such forms but none have 
been tested genetically to our knowl- 
edge. 


? 
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ALBINOTIC FEMALE, MOTHER OF THE LITTER SHOWN IN FIG. 7. 


This female (mutant c) was captured about five miles from the region where the one in Fig. 2 
was found. It has pink eyes with a narrow line of pigment around the inner and outer margins of 
the iris. Mated toa wild male it produced the litter shown in Fig. 7. (Fig. 5.) 


Mutations giving other desirable 
shades and colors of skunk fur are 
probably just as possible in this group 
as they are in the fox. If, for example, 
a blue or silver mutation should occur 
in the skunk family, it would un- 
doubtedly have considerable value, 
possibly great value. White seems to be 
in demand for children’s furs, and a 
pure white variety of skunks is not an 
impossibility as we shall show. It is 
safe to say that rich seal brown without 
stripes, pure white, self black, silvered, 
and blue fur of excellent quality will 
always be indemand. Some of these 
forms have been produced in the skunk; 
probably all are possibilities. It s 
however difficult to say which of these 
forms would be the most valuable, 
since, of all mutations, that of woman’s 
fancy in attire is the least predictable. 


RECORDS ON MUTATIONS 


The junior writer has been studying 
the general problem of skunk breeding 
since 1894. Since 1914 the senior and 
junior writers have been gathering 


records on mutations and have made 

such genetic tests as were possible 

with available materials, in order to 
throw some light on special breeding 
problems connected with the domesti- 
cation or semi-domestication of this 
fur bearer. The following represents 
our complete record of mutations up 
to the present time: 

Mephitis pudita 

a. Female; fur white, eyes pink, skin 
pink on nose, eyelids, ears and feet. 
Captured by James Clark and L. P. 
Jarrett in Addison Township, Oak- 
land County, Mich., Nov. 16, 
1913. Taken from den of six, the 
rest of which were normally pig- 
mented. Purchased April 24, 1914, 
died May 17, 1914, and mounted by 
taxidermist. See Fig. 4. 

b. Female; fur white on body with 
some light brown hair on face and 
extremities; eyes black. Captured 
about 25 miles from Schwenkville, 
Penn., November 1914 by J. M. 
Bray. Purchased for experimental 
breeding Feb. 10, 1915. Fig. 2. 
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c. Female; fur white, eyes pink with 
distinct narrow pencil line of pig- 
ment around the inner and outer 
margins of the iris. The skin on the 
nose, eyelids and soles of the feet 
was pink. Captured about 5 miles 
from region where mutant b was 
found. Purchased from same source 
and at same time as mutant b. 
Fig. 5. 

d. Female; fur white, eves pink. The 
skin on the nose, eyelids, and soles of 
the feet was pink. Reported to us on 
March 4, 1916 by L. P. Jarrett, 
Oxford, Mich., as being captured in 
vicinity. Purchased for experimen- 
tal breeding. 

e. Unknown sex; fur white, eyes 
pink. Reported to us for sale by 
owner, J. S. Daigneault of ‘Le 
Renard Noir, Limité,’’ Marieville, 
Quebec, on Feb. 2, 1915. 

f. Male; fur white, eyes pink. Re- 
ported to us for sale by C. C. 
Garland, President of Garland 
Zoological Co., Oldtown, Me., 
January 28, 1918. 

g. Male; fur white, eyes pink. The 
skin on the nose, eyelids, and soles 
of the feet was pink. Sold to us by 
L. P. Jarrett of Oxford, 
January 1, 1918. Captured by « 
trapper in same general region as 
mutants a and d. 

h, i, and j. Male and two females; seal 
brown fur, pigmented eyes. Strip- 
ing similar to normal skunk. Re- 
ported to us for sale by J. M. 
Bray, Schwenkville, Pa., Feb. 17, 
1915. Hair samples from these were 
obtained. These mutants were 
caught 10 to 15 miles apart in 
Chester and Montgomery counties, 
Penna. 

k and |. Unknown sex; two all black 
individuals obtained by J. M. 
Bray, Schwenkville, Pa., and re- 
ported to us for sale on February 
17, 1915. 

Mephitis hudsonica 

m. Male; fur white, eyes pink. Cap- 
tured in Fargo, North Dakota, and 
sold to us Nov. 20, 1915 


n, and o. Male and female; fur seal 
brown, eyes pigmented, striping 
normal. Reported to us by L. F. 
Brash, Newark, South Dakota, for 
sale July 19, 1916. ‘flair samples 
received. 

Summarizing, we may say that twelve 

mutations have been discovered in J. 

pudita and three in M. hudsonica. 

Mutations are evidently fairly frequent 

in this genus. All of the so-called mu- 

tants may not be original mutants, but 
simple segregates cropping out after 
the original mutant (probably a hetero- 

zygous mutant) had been breeding in a 

given vicinity. For example, several 

mutants, (a, d, and g) of the pure 
albinic type were reported from the 
region of, Oxford, Michigan. The 
mutations are not restricted to one 
general region for we find them in 
Pennsylvania, Maine, Michigan, North 
and South Dakota, and Quebec. There 
were five distinct types of mutation: 
1. self-black; mutants k and I. 
2. seal brown with white stripes; 
mutants h,1,j, nando. 
> black eyed white; mutant b. 
4. white with a small amount of pig- 

ment in eyes; mutant c. 

5. pure albino; mutants a, d, e, f, g 

and m. 

Some of these mutants have been 

described previously (Detlefsen '16).° 

All of these cases of mutations are 

unquestioned, since the data are based 

upon animals we have either seen or pur- 
chased, or upon descriptions (with hair 
samples when possible) from reliable 
sources, dealers or trappers with whom 
the junior writer has carried on exten- 
sive business transactions for years. We 
have several other records, some from 
reliable sources but with very meagre 
descriptions, and some from less trust- 
worthy sources. For example we have 

a record of a yellow type, but cannot 

determine whether it is really yellow, 

or cream, or simply a discolored white. 

Whenever pecuniary inducements are 

offered, it seems to stimulate the hunt 

for mutations; in fact we were inclined 
to believe at one time it hastened their 


® Detiefsen, J. A., 1917. Anat. Rec., Vol. 11, No. 6, p. 502. 
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FIRST GENERATION OFFSPRING FROM PARENTS SHOWN IN FIGURES 1 AND 2 


This litter is the result of a mating of the high grade wild star male shown in Fig. 1 with the 
mutant female shown in Fig. 2. All three-one male and two females—possess rather high grade 
color markings. One female died before maturity; the other two of the litter were mated during 
the following year and produced a litter of seven females—six black and one white. The mother 
killed her young but important data had been secured relative to the genetic variations. (Fig. 6.) 


ig. 


A LITTER OF EXTREMELY HIGH GRADE YOUNG SKUNKS 
The white female (mutant c) shown in Fig. 5 is the mother of this litter. The other parent was 
a very high grade wild male. Note the extreme high grades in the offspring. ‘‘Such a uniformly 
high grade litter from a high grade male by a female of unknown pattern factors, probably indi- 
cates the germinal nature of the variations in pattern and gives some assurance of producing a 


high grade race through selection.’”” The white animal in this picture is the mounted specimen 
shown in Fig. 4. (Fig. 7.) 
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occurrence. We once received a self- 
black, but the first rainstorm proved 
that the so-called “‘sport’’ was not fast 
black, either somatically or genetically. 
It was promptly returned. There- 
fore in listing these mutations we have 
carefully eliminated all questionable 
cases. 

Breeding investigations were begun 
in 1914 with such mutants as could be 
purchased, and on as large a scale as 
funds and space would allow. The 
earlier matings were made by the 
Skunk Development Bureau, near Chi- 
cago, but in 1916, 1t became necessary 
to move the stock on hand to the 
Illinois Agricultural Experiment Sta- 
tion. This move hampered our experi- 
ments because the animals needed 
much more room and less disturbance 
for their proper care. They were 
housed in dens in a small yard about 10 
feet wide and 30 feet long. The dens 
and cages were of the type described by 
Holbrook in 1915.° 

The first mutant, a, typical albino 
female with pink eyes, failed to breed 
and died soon after her arrival, due to 
her poor condition. 

Mutant female, 6 (white fur with 
brownish hair on her face and extremi- 
ties, and black eyes), was successfully 
mated to a high grade wild star black 
male on March 4, 1915 and produced 
three black young of rather high 
grade striping on or about May 11. 
The period of gestation is thus about 
65 days or less. The young (see Fig. 6) 
were: 

° 1. | these were wild black, with 
;very short white stripes. 1 
\and 92 bred together gave an 
' generation. 
2. 
died before maturity. 
Fortunately 91 and <2 were success- 
fully bred during the next spring in 
1916 and gave a litter of seven Fy, 
young as follows: 
9 14) 


| These young were wild black 
a7 variable amounts of white 
| 
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— with black eyes like grand- 
° dam, 2 mutant b. 

The dam (91) killed her young but 
sufficient data were secured to demon- 
strate that mutant } was a real discon- 
tinuous and genetic variation, rather 
than a wide fluctuation. The amount 
of white in the striped pattern of skunks 
varies so much that a_ black-eyed 
white might seem to represent an 
extreme in the spotting series, similar 
to the black-eyed white guinea-pig. 
There can be no doubt as to the simple 
Mendelian nature of this germinal 
change. The white Fe. (920) had 
pigmented eyes exactly like her grand- 
dam, mutant @b. The rest of the 
litter was normal black with variable 
amounts of striping. No further inves- 
tigation was possible with this muta- 
tion, for the original mutant } was old 
when captured and produced no more 
young, and the F; generation failed to 
breed again. This type of mutation 
is evidently a Mendelian recessive, and 
a pure race should not be difhcult to 
obtain. It would not be as valuable 
however as a race from mutants ¢ or g 
which were pure white. 

Mutant c, an albino female with a 
very fine pencil line of pigment around 
the inner and outer margins of the Iris, 
was mated successfully in 1915 and 
again in 1917. The first mating was 
made to a very high grade star-black 
male on March 4, 1915 (male removed 
April 18) and seven extremely high 
grade young were born on or about 
May 9, 1915. Such a uniformly high 
gerade litter (see Fig. 7) from a high 
grade male by a female of unknown 
pattern factors, probably indicates the 
germinal nature of the variations in 
pattern and gives some assurance of 
producing a high grade race through 
selection. One female (see Fig. 3) was 
remarkable in that she showed as an 
adult only two small patches of white 
over the ears, (each patch covering 
less than two square centimeters), and 
very few white hairs at the tip of the 
tail. Our records point again to a ges- 
tation period of 65 days or less. We 
are not certain that the young were not 
born a few days before May 9, for 


Holbrook, F. M., 1915. Skunk Culture for Profit, pp. 1-142, ill. Publ. by Skunk Develop- 
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SEGREGATION OF COLORS IN THE SECOND GENERATION 


A white male (mutant g), apparently a true albino, was mated with a normal wild black female 


possessing the usual stripes, and produced six normal wild striped black young. 
mutation therefore was shown to be recessive to the wild character. 


these young were mated and produced a litter of five young, four black and one white. 


with one of the black ones is shown above. 


extreme precautions had to be used, 
since the mother was likely to kill her 
young litter, if prematurely disturbed. 
The F, young were as follows: 

93 | 


All these F,; young were black 


a with split star, and white tip on 
tail. Two of them had a small 
| Narrow nose spot. 

| 

Mutant ¢@c gave no young in 1916; 
she may have aborted or eaten the 
young. Mated to a medium grade male 
in 1917 she gave a litter of four young 
of medium grade in the spring as 
follows: 


This type of 
The following year two of 
This white 


They present a case of simple Mendelism. (Fig. 8.) 


4 | . 
: All these F; young were black of.a 
medium grade—i.e., with white 


\cap and short stripes. 
| 


The total eleven normal wild Ff, off- 
spring demonstrated quite conclusively 
that this mutation is recessive to the 
wild from which it arose. 

Of these F offspring, 7 was success- 
fully mated three times giving two 
litters by 926 in the spring of 1918 and 
1919 and one by ¢5 in the spring of 
1919 as follows: 


96 | normal wild black with 
v9 } 


210) variable striping. 


tee, 
‘ 
4 
4 
i 


252 The Journal of Heredity 


77x 96 oll with rim of pig- 
Continued J ment on inner and 
2 13 {outer margins of iris 
mutant @¢c. 
07x 26 231\ normal black wild with 
white V on head. 
77x 95 9.33 similar to 9°11 
above. 
34 | 


normal! black wild with 
FSS striping 
9 36 | « 


93 


Total Fe; 8 black wild: 4 al- 
binotic 

The ratio of 8:4 is of course well 
within reasonable limits of error when 
tested against the theoretical Men- 
delian ratio of 9:3. This type of mu- 
tation exhibited by the original mutant 
°c is therefore quite evidently a simple 
Mendelian recessive. The F.2 recessive 
segregates were of exactly the same 
type as their granddam, even to the 
minute detail of carrying a small rim 
of pigment around the inner and outer 
margins of the iris. It was not possible 
to carry the descendants of this mutant 
any further. Close quarters, distemper, 
cannibalism, and the effects of close 
inbreeding to which our skunks seemed 
very sensitive, put a decisive end to 
this line of breeding. In fact we were 
fortunate to get sufficient data to 
demonstrate the Mendelian nature of 
the mutation. The young in several 
litters had to be raised under arduous 
and harassing conditions; e.g., when a 
dam died just after parturition, we 
saved the young through the expedi- 
tious, artificial feeding of cow’s milk by 
making a nipple from the inner tube of 
a self-filling fountain pen,—an event 
probably historic in the annals of 
skunk breeding! In any event, the 
artifice was successful, and our records 
show that the young lived well through 
weaning time, and were carefully 
examined, classified and disarmed, 
only to die of distemper before we 

could breed them. 
The last type of mutant which we 
subjected to breeding tests was mutant 
&g—apparently a true albino. Hewas 
captured in the same region as his 


exact duplicates, mutant females a and 
d. The latter two died before we could 
obtain any young and in spite of all 
efforts and devices at our command. 
Male g was bred to a normal wild 
black female with the usual dorsal 
stripes, ( 943) and produced six F; nor- 
mal, wild, striped black young in the 
late spring of 1919 as follows: 

9 37) 
238 
#39 All F; young normal wild black, 
240 {with short stripes. 

942 | 

This type of mutation was therefore 
recessive to the wild. Of these F; 
individuals, «39 and were suc- 
cessfully mated giving an Fy, litter in 
May, 1920, in which the _ recessive 
segregates appeared, as follows: 


J44| These Fs young were wild black 
046 short stripes. 

947) 

\pure white with pink eyes like 


{mutant og. 


The case of the pure albino mutant 
vg resembles that of the other albino- 
tic forms we tested, in that the ger- 
minal change apparently involves only 
a single gene and therefore gives a 
case of simple Mendelism. 

While these experiments indicate 
that each one of these three albinotic 
mutations is a simple Mendelian re- 
cessive to the wild type from which it 
arose, they do not show the relation of 
one to the other. They may be multi- 
ple allelomorphs representing various 
conditions of a single gene, or they may 
be the entirely independent mutations 
of different genes. A breeding test 
would easily settle this point. If, on 
the one hand, they are multiple allelo- 
morphs like the various conditions of 
the color gene in the guinea-pig, rat, or 
mouse, or like the numerous conditions 
of the gene for red-eye in Drosophila 
melanogaster, there would be a scale 
of dominance in which the three muta- 
tions would lie and no two mated 
together would produce a reversion to 
the wild type. It has seemed to us, a 
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priori, that this view of the relation 
between the mutant genes was the 
more logical because the color gene in 
experimental rodents has shown a 
greater mutability than any other gene. 
If, on the other hand, they represent 
mutations in different genes, either 
linked or independent, then a mating 
between two different mutations would 
give the wild type, exactly like the 
case of the pink-eyed yellow rat mated 
to the dark red-eyed yellow rat. We 
had hoped to mate @g (pure albino) 
with ¢@c, (almost complete albino) or 
at least to mate these two types of 
mutant together as they appeared in 
subsequent segregating generations, in 
order to settle this question, but the 
opportunity was lacking. However, we 
found it possible to make two matings 
which, while not ideal, threw some 
light on the problem. Females 4 and 
5 were mated to male mutant g, each 
female giving one litter in the spring 
of 1918. Now ¢4 and 25 were F;, 
offspring from a cross between ¢@c 
(white with pink eyes and a small rim 
of pigment around the inner and outer 
margins of the iris) and a wild type 
male. If this mutation is a condition 
of the wild color factor C, then we may 
represent it by (', and @ 94 and 5 
would have the genetic constitution 
CC'. It follows that if og (pure 
albinic type) is also a member of the 
triple allelomorphic series, we may 
assign to him the formula cc, where c 
stands for either a complete loss of the 
color factor C, or at least a lower grade 
or level of this factor than C.. A 
mating of mutant to either or 
25 would then be in Mendelian ter- 
minology as follows: 

94x gg=CC'xcc 

C+C'= gametes of 
c+te wg 


Ce +C'c=zygotes of hy- 
brids 

Our previous matings (animals No. 37 
to No. 48 on p. 252) have shown that Cc 
is wild type. C'c would be an individual 
heterozygous for complete albinism, c, 
and the very low grade of color, C'; and 
it should be in all probability albinotic 


like C', (white with little pigment in 
the iris). These two forms should occur 
in equal numbers. However our ex- 
perimental results, as far as they go 
are not in accord with such a hypo- 
thesis, for the matings of ¢g to 92 94 
and 5 gave nine wild black young as 
follows: 
94 £21) 
| All of these young 
923) | were 
%gx 95 924) 
925)| }wild type, i.e., black 
927 
328 | | with short stripes 
929] | 
In other words, we observed nine wild 
type when our hypothesis calls for 
equal numbers of the wild type and the 
albinotic. Such an event is not abso- 
lutely impossible even if our hypothesis 
is correct, but it is decidedly improb- 
able. It should occur only once in 
every 512 litters of nine. Stated 
differently, we should expect aé least 
one albinotic individual in a litter of 
nine, in 511 out of every 512 such 
litters, or in 99.89) of such cases 
(obviously the first n—r+1 terms of 
(pb+q)" where p=q=%,  n=size 
of litter=9, and r=1 or the single 
albinotic individual which is necessary 
to prove, and which by its very occur- 
rence would prove the correctness of 
our hypothesis). All that we can say 
under these conditions is that this 
hypothesis may be correct, but the 
evidence does not point that way. 
Therefore these two types may be 
mutations in different genes. 

Two other albinos were in our pos- 
session for some time, but gave no 
progeny. Female mutant d, a pure 
typical albino with pink eyes, was kept 
with a vigorous male during at least 
two breeding seasons but failed to give 
young. Male mutant, m, also a pure 
albino with pink eyes but belonging to 
the larger species M. hudsonica was 
kept with several females of the species 
M. pudita during one breeding season. 
Although the animals of these two 
species lived together peacefully, no 


young were produced. We are not 


- 
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certain that the two species mate, but 


‘it is barely possible that the species 


cross is unproductive. 

Wecan hardly pass over our records 
without commenting upon the great 
preponderance of females observed in 
our experiments. Out of a total of 
53 individuals born in our pedigreed 
cultures, 16 were males while 37 were 
females. If the males and females are 
equally probable, in accordance with 
our usual present concept, then 26.5 of 
each sex is the most probable expecta- 
tion. The deviation of 10.5 in our 
observed records from the theoretical 
is 4.28 & the probable error of simple 
sampling, 2.455. The odds against 
deviations of this and greater magni- 
tudes are about 250 to 1. The ob- 
served ratio is therefore not impossible 
on the basis of a theory which calls for 
an equal number of the males and 
females, but raises a legitimate suspi- 
cion that the zygotes classified at 
birth may be the residue left after 
considerable prenatal selection and 
elimination. After all, the theory is 
meant to apply only in a strict sense 
to zygotes formed, rather than to 
zygotes classified. 

Summarizing, we may say that we 
have found fifteen mutant skunks, 
which fall into five types. The three 
different albinotic types represent sim- 
ple changes in single genes and there- 
fore each gives a monohybrid ratio 
when crossed to the wild form. There 
is no evidence that they may be multi- 
ple allelomorphs. In fact, the two 


more extreme forms of albinism give 
some evidence to the contrary. Our 
records showed a great preponderance 
of females over males. 

Mutations are relatively abundant 
in the genus \Jephitis. The occurrence 
of self black, or blue, or silver types is 
probably only a matter of time and 
opportunity to observe large numbers. 
When such occur, they can be per- 
petuated without much doubt, in the 
same manner we used to increase the 
number of whites. A knowledge of 
simple Mendelism would suffice for 
such cases. Since our skunks seemed 
to be so susceptible to the effects of 
inbreeding, we would modify our pro- 
cedure in the following way:—by 
breeding unrelated F, hybrids from 
similar mutants or by breeding F, half 
brothers and sisters from a_ single 
mutant to obtain more vigorous segre- 
gates in the Fy. At least we should try 
this method to see if it might not per- 
haps have some advantages over the 
usual mating of F, sibs together. 

Selection for the reduction of white or 
for increased size would be effective we 
believe, but we would resort to mass 
selection, in order to avoid close breed- 
ing. One might perhaps find strains 
which are not so sensitive to inbreeding 
as our skunks proved to be, in which 
case one could select more rigidly. If 
some species crosses are found to be 
possible, increased size might be se- 
cured in that way by the usual hybridi- 
zation methods. 


American Association for the Advancement of Science 


Meeting in Torontc, December 27-31, 
1921 


The 74th meeting of the A.A.A.S. 
and affiliated societies is being held 
this year in Toronto, Canada by invi- 
tation of the University of Canada 
and the Royal Canadian Institute. 
While this is not one of the larger, 
four-yearly meetings of the Society 
and therefore will not be so complex 
as the one held in Chicago last year, it 


is expected to be of exceptional interest 
on account of its international charac- 
ter. Scientific workers from the two 
English-speaking nations will have 
opportunities for strengthening the 
bonds of mutual understanding and of 
personal and national friendship. Sev- 
eral British scientists may also be 
present to address the sessions. Many 
members of the American Genetic 
Association will be in attendance and 
present papers. 
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REARING MEAL MOTHS AND PARA- 
STTIC WASPS FOR EXPERI- 
MENTAL PURPOSES 


P. W. WHITING 
Child Welfare Research Station, State University of Iowa, Iowa City 


OR a number of years the writer 

has been engaged in rearing insects 

for genetic experiments. The Medi- 
terranean flour-moth, phestia kiihniella 
Zeller, and its parasite, J/adrobracon 
brevicornis (Wesmael), have been found 
good material for the purpose in view. 

There have recently been received 
a number of requests for information 
as to technique of rearing these insects 
and it has therefore been thought 
advisable to publish an account of 
methods for the benefit of those who 
may care to use them in their labora- 
tories. 

Washburn (1904, The Mediterranean 
Flour Moth. Special Report of the 
State Entomologist of Minnesota) has 
given an account of the moth—its 
habits, its history, the methods for its 
control, ete., and the writer (1919, 
Jour. of Exp. Zool. Vol. 28, No. 3) 
has reported on some preliminary 
genetic experiments. 

The insect varies from three-fifths of 
an inch to one inch in total expanse of 
wings which are dull gray marked with 
zigzag lines. There seem to be no ap- 
parent secondary sexual characters, 
but sexes may readily be distinguished 
by external genitalia. The larvae are 


about five-eighths of an inch in length 
when full grown. Testes are reddish, 
showing through the creamy white 
body and affording a ready method for 
identifying sex in this stage. 

METHODS OF REARING THE INSECTS 

The writer’s earlier work was much 
hampered by technical difficulties. It 
was found that, while the insect bred 
well in mass cultures, the percentage of 
individual pairs producing offspring 
was very low. Experiments were per- 
formed with different degrees of tem- 
perature and humidity as well as with 
various kinds of food. A series of tests 
conducted at the Zoological Laboratory 
of the University of Pennsylvania 
showed that many females refused to 
oviposit and died with abdomens filled 
with eggs apparently normal. More- 
over many eggs that were laid failed 
to hatch even though the female had 
mated. The causes of these difficulties 
were never discovered. Success in 
rearing the moths was finally attained, 
however, with rolled wheat (Petti- 
john’s Breakfast Food). This appears 
to furnish the optimum stimulation to 
oviposition and the larvae feed well 
upon it and grow large and fat if ample 
floor space is provided in breeding tins. 


MALE WASPS FEEDING FROM A DROP OF HONEY 


DILUTED WITH WATER (X8) 


Photo by Doten (Figs. 9 and 10.) 
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necessary to place dishes of 
water in cupboard where tins 
are set. 

Contamination of the cul- 
ture is prevented by toasting 
or autoclaving the cereal and 
by placing a little vaseline in 
the crevice formed by the 
seam at the cover. Beetles, 
mites, bacterial and protozo- 
an diseases may otherwise be 
introduced, as well as unde- 
sired caterpillars or moth 
eggs. 

The moths scatter their 
eggs over the cereal and these 
hatch in approximately a 
week, the time varying ac- 
cording to temperature. The 
young larvae spin webs at- 
taching particles of cereal 
together. After two or three 
weeks, an inspection should 
reveal webbiness of the cereal, 
denoting successful pairing 
and fertility. More cereal 
should then be added and the 
box set away again. If tem- 
perature is high larvae will 
attain full size in four weeks 


THE INSECTS ARE STUDIED WITH A from time of isolating the 


BINOCULAR 


parental pair. Pupae are 


Adults of moths or wasps are etherized for examination. then formed 1 silken tubes. 
If it is desired to study the ovipositing wasps or to count The entire period from egg 


their eggs the paralyzed caterpillars are placed upon a piece 
of glass which is set about three-quarters of an inch above a 
mirror. By focusing either upon the insects directly or upon 


laying to eclosion may be 
reduced to five weeks, but 


the image, upper or lower sides may be observed at will. usually six weeks are required 


(Fig. 11.) 


For individual matings freshly 
emerged pairs are set in tin boxes with 
tightly fitting covers. A type of cylin- 
drical slip cover can, made by Mason 
Manufacturing Co., Providence, R. I., 
having a diameter of seven and one- 
half inches and depth of four inches 
has been found to be of convenient 
size and satisfactory for the purpose. 
The can, containing a little cereal and 
the isolated pair, is set away on a shelf. 
No food for the adults is necessary. A 
warm temperature, 27° to 30° C., gives 
best results, but humidity must be 
fairly high or young larvae will not 
develop. During the winter, in pres- 
ence of artificial heat, it is often 


for a generation in summer 

weather. Eclosions begin at 
the end of this time and moths will con- 
tinue to emerge for three or four weeks 
or longer if culture is crowded when 
there will be many laggards. 

There seems to be a diurnal cycle of 
some sort in eclosion. Many more 
moths emerge in the latter part of the 
afternoon and in the evening than 
during the rest of the day. It is there- 
fore advisable to be on the watch at 
this time if virgin females are desired 
for mating. Copulation takes place as 
soon as wings are dry, so that the 
virginity of any female is never certain 
unless wings are soft or unless there are 
no males present. 
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disturbingly active, the tin 
may be cooled slightly to 
quiet them. Several indi- 
viduals may be collected 
successively in the vial 
which is then inverted into 
an etherizing bottle as in 
work with Drosophila. A 
few seconds only are neces- 
sary to quiet the moths 
which may afterwards be 
placed upon a card and ex- 
amined. Anaesthesia  oc- 
curs much more quickly 
than in Drosophila, but the 
moths recover without in- 
jury after a short exposure. 


Two wide-mouthed bottles 


THE FEMALE WASPS STING THE CATERPILLAR “US used, the cork with 


AND FEED AT THE PUNCTURE 


cotton suspended on a wire 


The males do not get any of their nutriment in this way and saturated with ether 
and if kept in a jar must be fed on a mixture of honey and being transferred from one 
water. After stinging the caterpillar and the latter has be- to another. Soft, smooth- 


come torpid or dormant, the female wasp deposits her eggs. 


(lig. 12.) 


ANOTHER VIEW OF STINGING WASP 


tipped ‘‘butterfly tweezers”’ 
such as are made by Denton 
Brothers, Wellesley, Mass., 
are convenient for handling 
the insects which should be 
collected once a day if wing 
markings are to be studied 
as scales are likely to be 
rubbed off after a longer time. 

If it is desired to keep a 
stock of Ephestia conven- 
iently isolated . for g future 
work, the culture may be 
set in a cold place. Even 
at rather low room tempera- 
ture the insects may safely 
be left undisturbed for sev- 
eral months, especially if 
white flour be added. The 
finer material packs down 


The sexes are readily distinguished by the longer anten- closely preventing its rapid 


nae of the male and the ovipositor of the female. Compare 


Figs. 9 and 10 with these two views (Fig. 13.) 


COLLECTING THE MOTHS 

Moths rest on cover, sides of tin or 
on the cereal and may be conveniently 
collected in shell vial. This is 
placed over each one and at the same 
time the culture tin or cover is tipped 
in such a way that the insect will fall 
down into the vial when touched by it. 
If many moths have emerged and are 


utilization by the larvae. 
A culture was set in a glass 
jar, four inches in diameter and five 
inches high, half filled with white flour. 
A tin cover was screwed down tightly 
and the material placed in a moderately 
cool room. After eighteen months an 
examination showed insects in_ all 
stages of development and the flour by 
no means exhausted. 
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PARALYZED CATERPILLARS AND FULL GROWN MAGGOT 


Caterpillars, after they have been stung by wasps, become torpid, but the heart continues to 
beat even though they have lost ability to move. The dark line in the region near the middle 
of the back in the caterpillars is the heart. It may be seen faintly in the photograph. Dark red 
testes situated just back of the middle of the body distinguish the males. (about x5) (Fig. 14.) 


A PARALYZED CATERPILLAR AND WASP 
EGGS 


The illustration at the left is a mirror image 
of the under side of a paralyzed caterpillar. 
Eggs of the parasitic wasp Hadrobracon brevi- 
cornis may be counted in normal position 
between caterpillar and glass. In the picture 
at the right, the caterpillar has been rolled over 
and the wasp eggs photographed directly. (x4). 
(Figs. 15 and 16.) 


The caterpillars feed not only upon 
various cereals, but are carnivorous as 
well. On one occasion a number of 
moths were killed and mounted for 
reference. A few eggs which had been 
extruded at death, adhered to the 
bodies. Larvae hatched, devoured 
their parents, spun webs and formed 


pupae. 


WASPS AS MATERIAL FOR GENETIC 
EXPERIMENTS 


The parasitic wasp, J/adrobracon 
brevicornis (Wesmael), has proved to 
be excellent material for genetic work, 
and should be of value for other experi- 
mental purposes as well. The insect 
resembles Drosophila in size and in the 
duration of its life. It may be conven- 
iently reared in shell vials, 20 mm. x 70 
mm. For continuous work a constant 
supply of full grown Ephestia larvae is 
necessary; but should the food supply 
fail, the wasps may be set away in the 
ice chest or even at freezing tempera- 
tures and kept for months. Mass 
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GREEDY MAGGOTS SUCK THE JUICES OF THE CATERPILLAR 
‘“Maggot-like larvae emerge very shortly from the eggs (which have been deposited in the 
caterpillar by the female parasitic wasps) and cling to the integument of their host. Growth is 
rapid and soon white cocoons are spun.’ (about x7) (Fig. 17.) 


cultures of moths are made in the tin 
boxes described above. If the young 
caterpillars appear crowded, masses of 
the cereal matted with webs are re- 
moved and divided into other boxes 
containing cereal. When the cater- 
pillars attain full size they are collected 
with tweezers. Disturbing the cereal 
will cause the larvae to crawl about 
exposing themselves. They will finally 
come to rest upon the cover from which 
they may be easily collected. Four or 
five fat caterpillars are placed in each 
vial which is closed with a tight cotton 
plug wrapped with cheesecloth through 


which neither caterpillars nor wasps 
will burrow. During earlier experi- 
ments corks were used but it was 
found that the wasps gnawed their 
way through these. 

In the wasps the sexes may be readily 
separated by observing the longer 
antennae of the male and the promi- 
nent sting and sensory gonapophyses 
of the female. 

The female is placed in the vial with 
the caterpillars and the culture set in 
a warm place. Optimum temperature 
for development is 30° C. at which the 
period from egg to eclosion is about 
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THE SHRIVELLED CATERPILLARS ARE ABANDONED BY THE FULL GROWN MAGGOTS 


By the time the maggots become full grown the caterpillars are reduced to shrivelled rem- 
nants. The maggots then spin white silken cocoons in which they pupate. Note also the illustra- 
tion below which shows a cocoon farther advanced in growth and the caterpillar more shrivelled. 


(x44) (Fig. 18.) 


VIEW OF COCOON AND SHRIVELLED 
CATERPILLAR (Fig. 19) 


ten days. The wasps do well under 
conditions considerably more arid than 
the moths can endure. Doten (1911, 
Agricultural Experiment Station, The 
University of Nevada. Technical 
Bulletin No. 78) states that Hadro- 
bracon is able to survive lack of mois- 
ture better than any other Hymenopter 
with which he experimented. The 
females sting the caterpillars and suck 
juice from the puncture. Males obtain 
no nutriment in this way and will live 
only a few days at room temperature 
unless they be fed. Either males or 
females may be kept alive in shell 
vials for extended periods by feeding on 
a mixture of honey and water. It has 
been found convenient when a few 
insects are being kept for mating pur- 
poses, to have a small bottle of honey 
and a little water in a separate con- 
tainer, for if the two be mixed fermen- 
tation occurs. A metal rod such as a 
fine knitting needle is dipped into the 
honey, then into the water and touched 
to the inside of the vial where the drop 
will adhere. If the insect be hungry 
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THE PUPAE APPEAR LIKE MINUTE WAXEN IMAGES 


And they may be separated as regards sex and eye color. The photograph shows in order: 
the dorsal view of a black eyed female with ovipositor visible (the appendage at the bot- 
tom); dorsal view of an orange eyed male; and ventral view of a black eyed male showing the 


characteristic male antennae. The orange eye color is a Mendelizing difference from the 
black. (about x17) (Fig. 20.) 


it will come to rest at the drop from 
which it engorges itself. At ordinary 
room temperatures it is necessary to 
feed the wasps every other day, but if 
it is desired to keep any individuals 
isolated for an extended period it is 
better to feed them once and set them 
in the ice chest. 


OBSERVE COCOONS CAREFULLY 


At eclosion both males and females 
are either mature sexually or almost so, 
consequently females are certainly 
virgin only if males are not present. 
In obtaining virgin females, pupae 
should be isolated or great care should 
be taken to see that no mature wasps 
are present in the culture. The insects 
have the habit of crawling back into 
cocoons after eclosion. For this reason 
it is important to see that cocoons are 
either empty or intact. 

After stinging the caterpillar the 
female deposits no eggs until her victim 
has become torpid. Eggs are placed 
on top of the caterpillar or underneath 


and may be easily observed. There is 
no danger of contamination from the 
food (even if wasps have infested the 
caterpillar culture) for eggs are never 
laid except upon torpid and_ flaccid 
hosts. Such should of course be dis- 
carded in selecting caterpillars for the 
culture vials. lend 

Maggot-like larvae emerge very 
shortly from the eggs and cling to the 
integument of their host. Growth is 
rapid and soon white cocoons are spun, 
attached firmly to the glass. The cater- 
pillars are reduced to shrivelled rem- 
nants which are often shaken into the 
etherizing bottle with the first count of 
wasps. Hadrobracon is much more 
resistant to ether than is Drosophila and 
very much more resistant than Ephes- 
tia. It is usually safe to let one lot of 
Wasps remain in the etherizing bottle 
while another lot is being counted. 

If males only are desired they may 
be obtained parthenogenetically from 
virgin females. Mated females  pro- 
duce both males and females. 
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HEREDITY WASPS 


A Study of Heredity in a Parthenogenetic Insect, the Parasitic Wasp, 
Hadrobracon 


P. W. WHITING 
Child Welfare Research Station, State University of Iowa, Iowa City 


EVERAL varieties of honey bees 
differing in color, habits, and tem- 
perament have been developed by 

aplarists. Crosses of these have given 
results of much interest both to bee 
breeders and to students of genetics 
and cytology. As is well known the 
honey bee flies high in the air while 
mating and consequently experimental 
work with this form is seriously handi- 
capped. Drones are supposed to arise 
from unfertilized eggs and are haploid 
having the reduced chromosome num- 
ber. Workers and queens are the female 
forms, the former with ovaries unde- 
veloped due to a difference in feeding. 
Females are diploid and presumably 
arise from fertilized eggs. This princi- 
ple of sex determination as applied to 
the bee is known as Dzierzon’s Law. 
According to this principle drones 
should always resemble the maternal 
race while workers and queens should 
be hybrid, either resembling the domi- 
nant form or, in case of lack of domi- 
nance, being intermediate. Results of 
breeding tests have been conflicting. 
Newell crossing Italian and Carniolan 
races obtained offspring according to 
expectation, while earlier investigators 
with German and Italian strains found 
a variable number of more or less 
‘“patroclinous’”’ drones, that is drones 
resembling the male parent. 

Mendelian heredity complicated by 
parthenogenesis has been shown by 
Nabours in a grouse locust, Apotettix, 
and by Fryer in a Phasmid, but the 
bee is the only form in which hereditary 
differences other than sex have been 
studied in connection with haploid 
parthenogenesis. If parthenogenesis is 
haploid, the gametic series should be 
given directly in the progeny from a 
virgin female, in other words there 
should be no complications due to 
fertilization. This is inheritance ac- 


cording to Dzierzon’s Law and is of a 
‘‘criss-cross’’ type resembling sex-link- 
age superficially. It differs from the 
latter, however, since males arise from 
unfertilized eggs and the sex ratio is 
consequently extremely variable. This 
method of inheritance may be called 
sex-linkoid. 

Sex-linkoid inheritance should occur 
in bees, wasps, and ants, as well as in 
many of the lower Hymenoptera, 
white-flies, thrips etc. Several para- 
sitic wasps, however, produce females 
parthenogenetically and in this case we 
may expect segregation if the reduc- 
tional division of the egg nucleus is 
not omitted. In the gall-wasps alterna- 
tion of parthenogenetic and_ sexual 
generations should show complicated 
types of inheritance. Aphids should 
also furnish material of much interest 
if Mendelizing characters were studied. 

The writer has for some time been 
working with a wasp, /ladrobracon 
brevicornis (Wesmael), parasitic upon 
the caterpillars of the Mediterranean 
flour moth. The insect is easily manipu- 
lated and passes through a generation 
in ten days in the incubator. Three 
hundred and fifty or four hundred 
offspring are often produced from a 
single female. Parthenogenesis is 
strictly haploid or ‘‘male-producing.”’ 
Thousands of offspring reared from 
virgin females include not a _ single 
female. 


WIDE COLOR VARIATIONS 


The insect’s extreme variability in 
color and size has caused much con- 
fusion in taxonomy. The color ranges 
from honey-yellow to black, the darker 
pigment being distributed in areas of 

varying size. This variation appears 
to be due almost wholly to tempera- 
ture, selection having no effect. Higher 
temperatures produce relatively more 
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WINGS OF WASPS SHOWING HEREDITARY VENATION 


The parasitic wasp Hadrobracon brevicornis furnishes excellent material for studies in heredity. 
There has been found a variation in the venation of the wings, and the character has proved to be 
hereditary and also correlated, as is color, with the size of the insect and the temperature in which it 
is bred. In wing a the vein r4 is complete in the normal wasp. It shows a slight break in the speci- 
men figured here. Breaks in this vein are hereditary. Wings ), c, d, e, and f are non-genetic 
abnormalities of wings which include omission and addition of veins and remarkable reduplica- 


tions. (about x8) (Fig. 21.) 


yellow, so that insects bred at 32° C. 
or over are almost entirely yellow, 
except for compound eyes, ocelli, and 
antennae, which remain black. The 
correlation of lighter color with higher 
temperature may be due to a differen- 
tial effect of the latter upon formation 
of integument and pigment. 

In size the insect ranges from three 
and one-half millimeters in well fed 
wasps, to one and one-half millimeters 
in those that are less fortunate in 
obtaining their food supply during 
growth. Small females lay fertile 
eggs which develop into adults of 
normal size. At constant temperature 
the smaller individuals show relatively 
more black. Starvation may therefore, 
like temperature, have a differential 
effect. 


A HEREDITARY DEFECT IN VENATION 


In progenies bred from wild stock 
there was found to be a variation in 


the venation of the wings. The typical 
wing shows the fourth branch of the 
radius, r;, extending completely across 
from the third branch of the radius in 
front to the first branch of the media 
behind. 

In some of the wasps, however, there 
was a break in this vein of greater or 
less extent, appearing on one or both 
wings. The character proved to be 
hereditary but very irregular in appear- 
ance. It was soon noticed that this 
variation also, as in the case of color, 
was correlated with temperature and 
with size. Either at low temperatures 
or in small specimens the defect is not 
as likely to appear as at higher tempera- 
tures or in larger specimens. Conditions 
favoring development therefore have a 
differential effect upon the formation of 
the wing as a whole and the fourth 
branch of the radius. When bred at 30° 
C. the temperature at which the wasps 
are reared, different inbred stocks 
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FEMALE WASPS WITH ABNORMAL ANTENNAE 


Non-genetic abnormalities of antennae include branching and asymmetrical shortening or 
omission. The females in the above photographs show also genetic defects of venation—the vein 
r4 (see wing a in Fig. 1) (about x11) (Fig. 22.) 


show much variability in number of 
defectives as well as in the extent of 
defect in those affected. One stock, 
called type, has produced only one 
defective in several thousand individ- 
uals. This wasp had one wing normal 
while the other lacked r, altogether. It 
bred like the rest of the type stock and 
hence the defect was purely somatic. 
Other stocks regularly produce one or 
two defectives in three or four hundred 
individuals, while still others have 
about ninety percent defective, the 
mode appearing in the class lacking r; in 
both wings, completely or almost com- 
pletely. Crosses of type with high 
grade defective stock illustrate sex- 
linkoid inheritance, the males resemb- 
ling the maternal strain while the 
heterozygous females are for the most 
part normal showing, however, varia- 
tion to defectiveness of intermediate 
grade. These females when isolated 
produce normal and defective males in 
numbers almost equal, there being a 
slight excess of normals, corresponding 
to the somatically normal in defective 
stock. It is clear that the high grade 
defective stock differs from type by one 
Mendelian factor affecting the wings. 


ORANGE MUTATION 


In a_ single individual appearing 
among the 254 male offspring of a 
virgin female the eyes, both compound 


* 


and simple, were orange instead of the 
typical black. This male was crossed 
to various black-eyed females and 
black-eyed sons and daughters re- 
sulted. When these were mated to- 
gether, they produced black and orange 
males in equal numbers, but all the 
daughters were black and _ indistin- 
guishable black stock. The 
failure of orange to appear among the 
daughters of black-eyed fathers, shows 
that the males are not heterozygous, 
but haploid. In other words, all the 
spermatozoa produced by any one 
male are alike. Since black is dominant 
and all females result from fertilized 
eggs, all the daughters of any black- 
eyed male must be black. The orange 
mutant was crossed to a few of his 
heterozygous daughters. Orange and 
black females as well as males were 
produced as expected. Heterozygous 
females isolated as virgin have given 
black and orange males in equal num- 
bers. Orange females isolated as virgin 
produce only orange males and orange 
stock breeds true. 

When orange females are crossed to 
black males all daughters are black 
and breed like normal heterozygotes 
according to expectation. The sons for 
the most part are orange arising pre- 
sumably from unfertilized eggs. A few 
however are regularly black deriving 
their eye color from the sperm and 
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FEMALES WITH MORE THAN NORMAL NUMBER OF APPENDAGES 


The female normally has, in addition to the sting, two sensory gonapophyses. 


Additional 


appendages of similar nature may occur, however, as shown in Figure a, or one of those normally 
present may be bifurcated or forked as shown in Fi ig. b (about X11.) (Fig. 23.) 


hence arising from fertilized eggs. 
These anomalous blacks have been 
tested with virgin orange females and 
have usually proved sterile. Only male 
offspring of normal matroclinous char- 
acter result, as from virgin females. In 
a few cases, however, females have been 
produced although in very small num- 
bers. These females may bear the 
black eye color of the patroclinous male 
parent or they may have orange eyes 
showing their father to be a mosaic. 
Further evidence of the mosaic charac- 
ter of some of the patroclinous males 
is now being accumulated by crossing 
orange females with defective veins by 
type males. The resulting orange male 
offspring have defective veins thus 
showing both maternal characters, 
while the anamolous blacks have for 
the most part the normal paternal 
wings. In a few cases, however, they 
show the maternal defect in the wings 
combined with the paternal black eye 
color. In a single case an orange-eyed 
brother of anomalous black males 
bred like a black showing that although 
his eyes were of maternal origin his 
gonads were paternal. A very few 
gynandromorphs or sex mosaics have 
likewise been produced. 

A survey of experimental and cy- 
tological work done on Hymenoptera 
shows that with the possible but doubt- 
ful exception of certain of the saw 


flies, the lowest family of the order, 
males have the reduced chromosome 
number, while females, whether pro- 
duced sexually or parthenogenetically 
are diploid. The mixed and more or 
less patroclinous drones of the honey 
bee derived from crosses of black 
German or French and yellow Italian 
races may, as in Hadrobracon, be 
haploid mosaics in which certain parts 
of the body contain only maternal 
nuclei, while in other parts the nuclei 
are derived from the sperm. It may 
be supposed that the unfertilized 
reduced egg nucleus commences par- 
thenogenetic cleavage producing nuclei 
or maternal blastomeres without capa- 
city for fusion with the male pronu- 
cleus. The latter then undergoes 
cleavage forming paternal blastomeres. 
The definitive embryo is_ therefore 
formed in part from paternal, in part 
from maternal blastomeres. Gynan- 
dromorphism may be tentatively ex- 
plained by assuming fusion of paternal 
with maternal nuclei to form the female 
parts of the embryo. 


NON-GENETIC ABNORMALITIES 
OF GROWTH 


Hadrobracon has proved to be sub- 
ject to numerous deformities of growth 
some of which are illustrated in accom- 
panying photographs. Legs have 
shown peculiar swellings and bendings 
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as well as reduplications. Eyes may be 
lacking or reduced in size on one or both 
sides and in one case a small extra eye 
was located on the cheek and connected 
with the normal large eye by an isth- 
mus. Occasionally the compound eyes 
may be fused into one, obliterating 
the ocelli, or the ocelli may be lacking 
while the head appears’ otherwise 
normal. 

Antennae vary slightly in number of 
joints, shortening being correlated with 
small size of the body as a whole. 
Abnormalities of antennae include 
branchings of various types, as well as 
extreme shortening, or failure to appear 
at all on one or both sides. 

Females normally have one pair of 
elongate sensory gonapophyses in addi- 
tion to the sting. An additional gona- 
pophysis of varying shape not infre- 
quently appears on one or both sides, 
or one of the pair normally present 
may be misshapen. 

Wings vary occasionally in number 
of veins both by addition or extreme 
reduction. 

Not infrequently the external genita- 
lia of males or females may be much 
reduced or lacking altogether. There 
may likewise be complete failure of the 
midgut to connect with the hindgut 
and Malphigian tubules may be much 
reduced in length or lacking altogether. 
Defects in hindgut are correlated with 
defects in genitalia, the abnormalities 


being due apparently to general growth 
conditions at the posterior end of the 
abdomen. Transverse abdominal scler- 
ites may be irregularly arranged, failing 
to extend across the back in some cases. 

None of these growth abnormalities 
has yet proved tobe hereditary, although 
all types have been tested with the 
exception of defective genitalia. 

From the above account of breeding 
work with Hadrobracon, it may be 
seen that while the species is somati- 
cally very variable, it is genetically very 
stable. Only two genetic differences 
have been found and one of these affect- 
ing the venation was derived from wild 
stock. Orange eye color occurred as a 
mutation in the laboratory. It is 
much to be hoped that future studies 
will disclose further mutations which 
may be used for analysis of genetic and 
ontogenetic mechanics. 

The writer has been aided much in 
the work by Mrs. Whiting. He is 
indebted to the American Association 
for the Advancement of Science for 
research grants to purchase equipment 
and supplies. He also wishes to express 
gratitude for laboratory facilities pro- 
vided at Woods Hole and Cold Spring 
Harbor. Samuel B. Doten of the 
University of Nevada has assisted 
much with suggestions in regard to 
technique and with photographs of the 
living insects. 


Corrections in Previous Articles 


The description of “A Living 
Double-headed Calf” in the JOURNAL 
for May 1921 contained the statement 
(page 239) that: ‘“The upper jaw-bones 
of each mouth seem quite normal 
except for the absence of the front 
teeth.”’ 

Cattle breeders and others interested 
in genetics desire to censor that state- 
ment for very obvious reasons! The 
JOURNAL is prompt to acknowledge the 
correctness of their challenge. From 
the fact that the calf’s head contained 
so many abnormalities it is assumed 
that the observer did not expect to 
find any normalities, and the misstate- 
ment was passed unnoticed by subse- 


quent readers of the manuscript until 
it boldly presented itself on the printed 


page. 


In the JouRNAL for April 1921, the 
designations of Daturas (Fig. 16) 
the text on page 190 should be reversed 
from the order in which they appear, 
that is, No. 1 should read No. 4; No. 2 
should be No. 3; No. 3 should be No. 1; 
and No. 4 should be No. 2, of D. 
pittiert (not as printed). 


In the article ‘‘Education and the 
Size of Families’’ (April 1921, page 190) 
the statement ‘‘co-educational col- 
leges’”’ should read ‘‘men’s colleges.” 
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HERITABLE CHARACERS MAIZE: 


IX. CRINKLY LEAF: 


R. A. EMERSON 
College of Agriculture, Cornell University, Ithaca, N. Y. 


N 1910 astrain of dent corn obtained 
at the National Corn Exposition 
held at Omaha was crossed with a 

strain of flint corn obtained from the 
Department of Agronomy of the Univ- 
ersity of Nebraska. The F, plants of 
this cross were normal and no ab- 
normalities had been observed in the 
parent strains. But since the latter 
had not been subjected to self-pollina- 
tion, there is no assurance that one or 
other of them did not have in it the 
character to be described here. In the 
F, generation of this cross’ there 
occurred a type of plant that has later 
been called ‘‘crinkly.”’ 

Crinkly is a semi-dwarf type of plant, 
usually about two-thirds the height of 
normal plants of the same cultures 
(Fig. 24). The tassels of crinkly are 
relatively short and compact and not 
infrequently bear numerous seeds. 
Sometimes only a few such seeds 
develop but often a part of the central 
spike of the tassel is more or less ear- 
like. 

The upper leaf blades of crinkly are 
relatively short and broad, are usually 
much crinkled and often have promi- 
nent lobes near the base (Fig. 25). All 
of these characteristics are so variable, 
however, that some plants classed as 
crinkly do not show prominently one 
or other of them. Considering all 
these leaf characters together with 
stature and form of tassel, it is usually 
easily possible to separate crinkly from 
normal plants, but occasionally the 
separation is somewhat difficult. 

In stocks of crinkly in which the 
characters noted above are developed 
to an extreme degree the tassels ordin- 
arily have great difficulty in pushing 
out from the more or less rolled upper 
leaves (Fig. 26). It is sometimes 


necessary to slit the upper leaves to 
release the tassels and allow the pollen 
to be shed normally. 

The ears of crinkly are usually some- 
what smaller than those of normal 


plants but are not otherwise materially 
different. 


INHERITANCE OF CRINKLY 


Crosses of crinkly with normal have 
invariably given normal F, plants. 
Self-pollinated F; plants produced 717 
F,’s of which 544 were normal and 173 
crinkly, a deviation of 6.3 17.8 from 
the 3:1 ratio. From backcrosses of F; 
normals with crinkly a total of 3,567 
plants resulted. Of these 1,850 were 
normal and 1,717 crinkly. This is a 
deviation of 66.5 I 20.1 from equal- 
ity. So great a deviation could be 
expected by chance alone only about 
once in 38 trials. In some of the back- 
cross progenies the crinkly plants were 
not so easily separated from normals 
as in others. It seems likely that this 
difficulty in identifying crinkly in 
some cultures may explain in part the 
deficiency of that type, but it is possi- 
ble also that crinkly does not survive 
under crowded field conditions as well 
as normal plants. Most dwarf and 
semi-dwarf types of maize, such as 
dwarf, anther ear, tassel ear, etc., 
almost always are deficient in field 
cultures, particularly when = grown 
under unfavorable conditions, and 
there is no apparent reason to expect 
crinkly to behave very differently from 
some of these other types. 

Self-pollinated crinkly plants have 
invariably produced nothing but 
crinkly progeny. Something over one 
hundred crinkly plants have been ob- 
served in such cultures. 


1 Paper No. 92, Department of Plant Breeding, Cornell University, Ithaca, New York. 
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ee MATURE NORMAL AND CRINKLY MAIZE PLANTS 
The type of maize called “Crinkly”’ is a semi-dwarf, usually about two-thirds the height of 
normal plants. It is so called because of the crinkled character of the leaves, an abnormality 
which is inherited. Seeds not infrequently develop in the tassels of crinkly, and the tassels are 
relatively short and compact. (Fig. 24.) 
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CRINKLY AND NORMAL MAIZE LEAVES 
The leaves of Crinkly are not only crinkled but often have prominent lobes near the base of 
the blades. These leaf characteristics are variable, however, and although it is usually easy to 
‘distinguish crinkly from normal plants, separation is occasionally somewhat difficult. (Fig. 25.) 
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AN EXTREME TYPE OF CRINKLY MAIZE 


In some stocks of Crinkly, especially those in which the abnormal characteristics are developed 
to an extreme degree, the tassels have difficulty in pushing out of the rolled upper leaves. It is 


sometimes necessary to slit the upper leaves. 


‘The ears of crinkly are usually somewhat smaller 


than those of normal plants but are not otherwise materially different.’ (Fig. 26.) 


On the whole, it is thought safe to 
conclude that crinkly is a_ simple 
mendelian recessive to normal and that 
the two types are differentiated by the 
single factor pair Cr cr. That the 
expression of the character crinkly 


may be influenced by modifying factors 
seems likely, however, in view of the 
noticeable differences in height of 
plants and in breadth, crinkliness, 
and lobing of leaves in_ different 
stocks. 
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BUD VARIATION THE SUGAR 
CANE 


E. EUGENE BARKER 
Insular Experiment Station, Rio Piedras, Porto Rico 


IKE other crops extensively cul- 

tivated by asexual methods, 

the sugar cane is subject to much 
variation. During the several hundred 
years in which it has been cultivated 
it has given rise, literally, to thou- 
sands of varieties. In the recent period 
of deliberate efforts to produce new 
sorts, many seedling varieties have 
been secured which are distinguished 
by characters more or less marked. 
However, it is the phenomenon of bud 
variations in the sugar cane, to which 
it is wished to call attention in this 
paper. 

First, however, in order to show 
the actual range of variation in this 
plant, as regards a few of its economic 
characters, let us cite several examples, 
regardless of how they may have 
originated. 


FACTORS INFLUENCING YIELD 


Sucrose content of the juice, which, 
together with gross yield in tonnage, 
determines the value of the crop, varies 
greatly in the different varieties. 
To be sure, this is supposed to be 
influenced by the climatic conditions 
and the soil, but there are strongest 
indications that the real immediate 
factor is maturity as conditioned by 
the age of the cane. After all, it is a 
varietal difference, as some varieties 
have the ability to produce sugar 
early before they are mature, while 
others sweeten later. We might call 
this varietal adaptability to produce 
sugar at a given age as conditioned 
by climatic and edaphic factors. 
Thus, while these environmental con- 
ditions are determining factors, they 
ate probably only secondarily so as 
working upon the constitution of the 
variety itself. 

This matter of varieties suited to 
different soil types is one to which 


little attention has been given, and 
yet it is a factor of greatest importance 
to the agriculturist. In a recent test 
of varieties at the Insular Experiment 
Station in Porto Rico, certain vari- 
eties were chosen which, it was sup- 
posed, might be best suited to the type 
of soil known as red clay hill lands. 
These were planted together and at 
the same time in a field of this type 
on the station farm. At 14 months 
from planting analyses show a great 
range of variation in the characters 
of sucrose content and purity of juice. 
Here, close together in the same 
field and raised under identical con- 
ditions, variety D-208 gives juice of 
18.40% sucrose and 94.84% purity, 
others closely following, while B-4596 
is only 13.65% sucrose with 85.31% 
purity and Gigante is 12.32% sucrose 
with 77.00% purity. It is apparent 
also, that there is great variation in 
tonnage amongst these varieties grow- 
ine here. 


STRIKING VARIETAL DIFFERENCES 


This planting serves to show three 
things: (1) the range of variation in 
important economic characters, (2) 
the relative adaptability of varieties 
to different soil types, and (3) in 
connection with other analyses made 
month by month, that some varieties 
mature early and others later. This 
last fact is one wholly ignored at the 
present time by the farmers and man- 
agers of large centrals. Fields are 
mixed as to varieties and canes are 
planted and cut regardless of variety 
or seasonal maturity. 

As to differences in resistance to 
disease, there are many noteworthy 
examples. Yellow Caledonia and Cav- 
vangire and Demerara -625 resist the 
so-called ‘‘root-disease’’ comparatively 
well, while Otaheite and many others 
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succumb toit. Otaheite and Calancana, 
Cristalina and Rayada are most sus- 
ceptible to gummosis, while Yellow 
Caledonia and Cavangire are strongly 
resistant, perhaps immune to it. 

D-1135 is very resistant to the 
ravages of the white grub in Austra- 
lia, while Otaheite is susceptible. It 
is well known that Uba and others of 
the North Indian type of canes are 
immune to matizado. Otaheite is very 
susceptible to it. 


COLOR AND MARKINGS 


Now, having emphasized the fact 
of such striking varietal differences 
in economic characters of the sugar 
cane, let me call attention to a few 
variations in such superficial characters 
as color marking. The inference is 
that, if bud variation is so often and 
generally occurring in these unim- 
portant characters, it may, and very 
likely does occur in other and more 
important characters, such as sweet- 
ness and purity of juice, tonnage, 
disease resistance, drouth resistance, 
etc. 

Cristalina, a deservedly popular, 
variety, and one very extensively 
planted in Porto Rico, is cane 
yellowish green in color, with a rosy 
flush where exposed to the _ light, 
often so dark as to be almost red. In 
Cuba, while not devoid of the pink 
flush, it is practically a green cane. 
The morphological characters which 
distinguish this variety remain, how- 
ever, the same both localities. 
Another popular variety, the Rayada, 
is essentially the same as Cristalina 
except that its canes are striped with 
longitudinal red bands. Another va- 
riety, Morada, differs from Rayada and 
Cristalina only in color. Its canes are 
a solid deep red. Now, it is no un- 
common occurrence that these three 
varieties sport into one another. Cris- 
talina plants throw bud sports that are 
striped. Rayada plants throw sports 
that are either solid red like Morada or 
green with reddish flush like Cristalina. 
Seedlings from Cristalina do some- 


times show stripes but this is rare. 
Perhaps one seedling out of one thou- 
sand from Cristalina would be striped. 
It is more than likely, tho not known, 
that Rayada arose from Cristalina 
as a bud sport, and Morada from 
Rayada. 

Calancana or Imperial de Brazil, 
sometimes called Green Ribbon, is 
known to be a sport from Otaheite. 
It is a green cane with pink stripes, 
while the Otaheite is plain green. 
At the present time one Calancana 
plant in the fields of the Insular 
Experiment Station has reverted to its 
parent. Variety, two stalks from its 
roots being green like the Otaheite. 
Besides the green-and-pink striped 
sport from Otaheite, called Calancana, 
it has also given rise to a red- and 
white striped variety. 

We have recorded’ that the variety 
Mignonne, a green-striped cane, gave 
rise in Mauritius to a_ self-colored 
bud variation which is now known as 
the variety Lousier. This is no doubt 
very similar to the variety Otaheite, 
and if not identical, the two cases 
present parallel behavior in_ their 
sporting. The Lousier subsequently 
gave rise also, by bud sporting, to the 
green striped Lousier, also known as 
Green Ribbon and the _ red-striped 
Lousier or Horne, and the red Lousier 
or Lousier Rouge. 

The plain’ green Salangore’ has 
sported to a pink-striped cane, and 
similarly, Porto Rico 317 has thrown 
bud sports with pink stripes. 

A plant of the variety Calancana 
in one of the experimental cultures 
now growing at the Insular Experi- 
ment Station, has several canes with 
white leaves (see illustration). Obvi- 
ously, as these canes are dependent 
on the resst of the plant for sustenance, 
they could never give rise to new and 
independent varieties. 


NEW VARIETIES FROM BUD SPORTS 


Now, the significance of these facts 
stated above and illustrated with 
a few instances that are well known to 


1 Department of Agriculture, Mauritius, Bul. 2, 5, 1916. 
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CALANCANA SUGAR CANE PLANT AT THE INSULAR EXPERIMENT STATION, 
PORTO RICO 


There are very many varieties of the sugar cane in cultivation, many of which have come about 
through bud variation. The varieties differ much in economic value, adaptability, resistance to 


disease, and in some color markings. 


The sugar content of the juice, for instance, varies a great 


deal in the different varieties and largely determines the value of the crop. The plant shown in 
the photograph is a Calancana, sometimes called Green Ribbon, and it is known to be a sport 
from the Otaheite, a plain green plant. The Calancana is a green plant with pink stripes, shown 


here sporting to a cream white. (Fig. 27.) 


the writer, is that the varieties of 
sugar cane do often and frequently 
throw bud sports which may give rise 
to new varieties. There are several 
well known instances of this and 
because of the excellence of the new 
varieties they have become popular 


and widely disseminated and exten- 
sively planted. A host of other bud 
sports, because they concerned only 
superficial characters or characters of 
no economic importance, or hidden 
characters, have not been preserved as 
varieties. If bud sports are so fre- 
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quently found which are variations 
from the parent variety in_ color, 
may it not be equally true that un- 
observed variations of qualitative char- 
acter are also occurring, which concern 
tonnage, rattooning power, disease 
and insect and drouth resistance? 
No doubt this is true. Strains of 
Cristalina are known to exist which 
differ from one another in stature, 
diameter of cane, and consequently in 
yielding power. Cane fields, even 
though carefully planted to a single 
variety, may indeed comprise more 
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than one strain, and if these strains 
differ in season of maturity, sucrose 
content of juice and other important 
economic characters, the result may 
well be a considerable lessening of 
financial return to the colono. 

In these facts and conditions we 
have the strongest indications of the 
necessity for intensive study of cane 
varieties as they now exist, in regard to 
these unseen, qualitative characters, 
which are to be detected only by 
chemical analyses and experimental 
tests. 


HYBRID TYPES THE HUMAN RACE 


Racial Mixture as a Cause of Conspicuous Morphological Changes of the 
Facial-type 


HERMAN LUNDBORG 
Race-Biological Institution, Uppsala, Sweden 


T HAS been possible for recent 
hereditary research to show that 
some racial qualities are inherited 

according to Mendel’s law. In 1913, 
Eugene Fischer,’ the anthropologist, 
made a close study of questions of this 
kind and laid a scientific foundation for 
hybrid research in the human world. 

The morphological race-characters, 

which are formed through an early 
and complete ossification—for instance 
the form, the length, the breadth of 
the skull etc.—seem to be depending 
upon heredity in a higher degree than, 
for instance, the length of the body, 
which is more easily modified by 
environmental factors, which depend 
upon an ossification completed at a 
later period. I have treated this latter 
question in a recent communication.” 

During my travels and investigations 

in the far north of Sweden, among the 
population there, which has originated 
through strong race-mingling among 
Lapps, Finns and Swedes principally, 
I could not help noticing that the types 
vary in a very high degree, and that 


not unfrequently certain obvious 
changes of the facial type appear, 
which do not appear among. individ- 
uals of a purer race. The numerous 
recombinations of the genetic structure 
are probably important causes for 
this circumstance. There will spring up, 
it seems to me, in these racial hybrids, 
besides qualities depending solely on 
the germ-plasm, in respects 
stronger modifications, which probably 
are to be considered as a_ partial 
atrophy. Similar phenomena are often 
observed in crossings in the vegetable 
and the animal world. 


RESULTS OF RACE CROSSING 


Among more conspicuous and com- 
paratively frequently appearing diver- 
gences of the morphological structure of 
a mixed-race population of this kind 
Gf not always in the first generation, 
then in the subsequent ones) are to be 
mentioned an increase of bodily length 
a stronger and more graceful body 
formation than is found in the parental 
races, a narrower and more elongated 


1E. Fischer, Die Rehobother Bastards und das Bastardierungsproblem beim Menschen. 


Jena 1913. 


*H. Lundborg, Rassenmischung-vermehrte Heterozygotic (Genchaos)-Konstitutionsverin- 
derungen—Habitus asthenicus sive paralyticus (Zunahme der Koérpergrésse usw.)—Tuberkulose. 
Eine Ursachenvette. Hereditas, Bd. I]. Lund 1921. 
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RACIAL MIXTURE IN ROYAL FAMILIES 


Racial mixture has taken place in all the royal families of Europe. One of the effects of this 
hybridization seems to be ‘‘a narrower and more elongated face’’ than that possessed by either 
of the parental races. It does not always occur in the first generation, however. The illustration 
shows’some members of different royal families. (Fig. 28.) 
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face, especially in its upper part. 
It is to this latter phenomenon that I 
wish to draw attention in the follow- 
ing discussion. Judging from circum- 
stances, it occurs in a certain percent 
among race-mixed human elements 
everywhere in the world, among. so- 
cially and economically well situated 
people, as well as among poor and 
destitute individuals. At least, I have 
observed it in different parts of Sweden 
in crossings between Swedes of the 
Nordic race type and individuals of 
other nationalities and races, such as 
Jews, Walloons, Gipsies, and so on. 
In the European royal families one 
very often observes this phenomenon in 
a great many members, which is quite 
a natural thing, as more or less strong 
racial mixture has taken place in all 
these families. A superficial look at the 
numerous portraits occurring in Wran- 
gel’s great work ‘“The Sovereign Royal 
lamilies of Europe’ (Les Maisons 
souveraines de l'Europe, Stockholm 
1898) will clearly show this. 

The photographs in Fig. 28 are repre- 
sentative. It certainly is no chance 
that these long-drawn facial types most 
frequently are to be found in the 
Russian and Austrian royal families 
with their heterogeneous blood-mix- 
ture. Nor is it astonishing, that all the 
three kings of the Scandinavian em- 
pires, all nearly related to one another, 
are, like several of their near relatives, 
especially tall people with rather long 
faces, and they surpass the Swedes in 
general, who, nevertheless, belong to the 
tallest nationalities in the world. The 
stronger race-mingling in the royal 
families 1s most certainly the cause. 
Also in other countries and continents 
renowned investigators have observed 
the phenomenon in question. 

Hagen® has, as far as I know, first of 
all been struck by the same among 
Kast-Asiatic and Melanesian peoples. 
He has by exact measurements con- 
firmed his statements that the race- 
hybrids have longer and narrower faces 


Fischer, l. c. 


2 


Bd. , p. 306. 


than both the parental races. Thus 
there is no doubt as to the correctness 
of the fact. Later on Fischer* has also 
made similar observations in South- 
Africa. 

Hagen writes about this matter as 
follows: “While the inland Malays are 
prevailingly medium, and even long- 
skulled, but at the same time almost all 
short and broad-faced, the reverse is 
true among the mixed or Coast Malays; 
the head is shorter and the face longer. 
Both are often found in very pro- 
nounced degree. Here we have an ab- 
solutely typical appearance of crossing. 

‘Just where this very remarkable but 
quite characteristic elongation of the 
face of the Tamil-Malay cross of the 
second degree has its basis 1s a riddle 
which we at this moment cannot 
solve. The appearance is not confined 
to the Tamil-Malay cross, for we shall 
see it later in the Chinese-Malay cross. 
If we therefore find long faces suddenly 
appearing among the chamaeprospic, 
primitive Malayan peoples, the = as- 
sumption of crossing is not entirely un- 
reasonable. If we find associated with 
this long face a short, brachycephalic 
skull, the thought may become almost a 
certainty. I have tried to explain this 
remarkable occurrence thus: that the 
hereditary tendency of the original 
race elements Was to ascertain degree 
stimulated to accelerated reaction as 
soon as through the foreign crossing 
element the reverted cross became pre- 
dominant. 

North-American full-blood Indians 
are like the Eskimos distinguished by 
a very great facial breadth. Boas’? in 
1895 proved that the facial breadth de- 
creases In crossing. 

He states: ““The fundamental differ- 
ence between the white race and the 
Indian shows even in the earliest child- 
hood, therefore one may not trace the 
narrow face of the whites and crosses 
to an earlier checking of growth proc- 
esses, but one must see in it the effect 
of a different beginning. 


3. Hagen, NKopf- und Gesichtstypen ostasiasischer und melanesischer Volker, Stuttgart, 1906. 


‘r. Boas, Zur Anthropologie der nordamerikanischen Indianer. Zeitschr. f. Ethnologie. 
/ 


é 
= 
3 
OF 
£ 


TYPES OF RACIAL MIXTURE IN SWEDEN 


The population of the far north of Sweden has originated largely from the race-mingling of 
Lapps, Finns, and Swedes. Nos. 7 and 8 above show types of the mixture of Lappic and Nordic 
blood. Nos. 9 and 10 show types of Swedish-Finnic crosses. No. 11 is a Swedish Vagabond with 
gipsy blood, and No. 12 is a race-mixed gipsy woman of Sweden — (Fig. 29.) 
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face, especially in its upper part. 
It is to this latter phenomenon that I 
wish to draw attention in the follow- 
ing discussion. Judging from circum- 
stances, it occurs in a certain percent 
among race-mixed human _ elements 
everywhere in the world, among so- 
cially and economically well situated 
people, as well as among poor and 
destitute individuals. At least, I have 
observed it in different parts of Sweden 
in crossings between Swedes of the 
Nordic race type and individuals of 
other nationalities and races, such as 
Jews, Walloons, Gipsies, and so on. 
In the European royal families one 
very often observes this phenomenon in 
a great many members, which is quite 
a natural thing, as more or less strong 
racial mixture has taken place in all 
these families. A superficial look at the 
numerous portraits occurring in Wran- 
gel’s great work ‘““The Sovereign Royal 
Families of Europe’ (Les Maisons 
souveraines de l'Europe, Stockholm 
1898) will clearly show this. 

The scameatahats Fig. 28 are repre- 
sentative. It certainly is no chance 
that these long-drawn facial types most 
frequently are to be found in the 
Russian and Austrian royal families 
with their heterogeneous blood-mix- 
ture. Nor is it astonishing, that all the 
three kings of the Scandinavian em- 
pires, all nearly related to one another, 
are, like several of their near relatives, 
especially tall people with rather long 
faces, and they surpass the Swedes in 
general, who, nevertheless, belong to the 
tallest nationalities in the world. The 
stronger race-mingling in the royal 
families is most certainly the cause. 
Also in other countries and continents 
renowned investigators have observed 
the phenomenon in question. 

Hagen’ has, as far as I know, first of 
all been struck by the same among 
East-Asiatic and Melanesian peoples. 
He has by exact measurements con- 
firmed his statements that the race- 
hybrids have longer and narrower faces 


than both the parental races. Thus 
there is no doubt as to the correctness 
of the fact. Later on Fischer* has also 
made similar observations in South- 
Africa. 

Hagen writes about this matter as 
follows: ‘“‘While the inland Malays are 
prevailingly medium, and even long- 
skulled, but at the same time almost all 
short and broad-faced, the reverse is 
true among the mixed or Coast Malays; 
the head is shorter and the face longer. 
Both are often found in very pro- 
nounced degree. Here we have an ab- 
solutely typical appearance of crossing. 

‘‘Just where this very remarkable but 
quite characteristic elongation of the 
face of the Tamil-Malay cross of the 
second degree has its basis is a riddle 
which we at this moment cannot 
solve. The appearance is not confined 
to the Tamil-Malay cross, for we shall 
see it later in the Chinese-Malay cross. 
If we therefore find long faces suddenly 
appearing among the chamaeprospic, 
primitive Malayan peoples, the as- 
sumption of crossing is not entirely un- 
reasonable. If we find associated with 
this long face a short, brachycephalic 
skull, the thought may become almost a 
certainty. I have tried to explain this 
remarkable occurrence thus: that the 
hereditary tendency of the original 
race elements was to ascertain degree 
stimulated to accelerated reaction as 
soon as through the foreign crossing 
element the reverted cross became pre- 
dominant. 

North-American full-blood Indians 
are like the Eskimos distinguished by 
a very great facial breadth. Boas? in 
1895 proved that the facial breadth de- 
creases In crossing. 

He states: ““The fundamental differ- 
ence between the white race and the 
Indian shows even in the earliest child- 
hood, therefore one may not trace the 
narrow face of the whites and crosses 
to anearlier checking of growth proc- 
esses, but one must see in it the effect 
of a different beginning. 


°>B. Hagen, Kopf- und Gesichtstypen ostasiasischer und melanesischer Voélker, Stuttgart, 1906. 


4 FE. Fischer, 1. c. 


*Fr. Boas, Zur Anthropologie der nordamerikanischen Indianer. Zeitschr. f. Ethnologie. 


Bd. 27, p. 366. 
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TYPES_OF RACIAL MIXTURE IN SWEDEN 


The population of the far north of Sweden has originated largely from the race-mingling of 
Lapps, Finns, and Swedes. Nos. 7 and 8 above show types of the mixture of Lappic and Nordic 
blood. Nos. 9 and 10 show types of Swedish-Finnic crosses. No. 11 is a Swedish Vagabond with 
gipsy blood, and No. 12 is a race-mixed gipsy woman of Sweden (Fig. 29.) 
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RACIAL MIXTURES IN SWEDEN 


The comparatively long faces observed among the racial hybrids in northern Sweden are also 
observed in other crosses between Swedes of the Nordic race type with other nationalities such as 
Jews, Walloons, and Gypsies. No. 13 in this illustration shows a Swede with Jewish blood; 
No. 14 a race-mixed Jew, a criminal, of Russian descent; No. 15 a Swedish Walloon with Nordic 


blood; No. 16 a race-mixed Swedish woman (tuberculous); Nos. 17 and 18 race-mixed Swedes, 
ciiminals. (Fig. 30.) 
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MIXED TYPES OF UNCIVILIZED PEOPLES 
Racial crossings among uncivilized peoples in various parts of the world are illustrated by 
these types from North America, Asia, and Africa. Nos. 19 and 20 are race-mixed Indians of 
Mexico and the United States; Nos. 21 and 22 are hybrid types, Tamul-Malays, of Asia (according 


to Hagen); Nos. 23 and 24 are crosses between Boers and Hottentots in Africa (according to 
Fischer). (Fig. 31.) 
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‘‘Upon surveying the collected data, 
one sees that in the very races which 
doubtless are purebred, the width of 
the face, in the middle hardly ever falls 
below 147 mm. It is therefore almost 
certain that where this measurement is 
not reached, there is a mixture of for- 
eign blood. 

This survey shows that especially the 
Cherokees, Trokesen, Micimac, Dela- 
ware, and Creek Indians are much 
mixed, since their face-widths fall 
below 143 mm—statements which may 
only be made concerning crosses with 
other races. 

In Figures 29, 30, and 31 are repre- 
sentative facial types, originated by 
race-mingling in different parts of the 
world. The distinguishing quality of 
them all is a comparatively long face, of 
which especially the upper part is dis- 
proportionally drawn out. 

The material is partly my own taken 
from the collections of the Race- 
biological Institution of Upsala, and 
partly gathered from American and 
German works. 

It will, no doubt, prove to be a very 
interesting and _ significant task for 
race-biological research to penetrate 
deeper into these departments, and 
not only to study special individuals, 
but to investigate whole families and 
tribes, and to make exact measure- 
ments. In this way we shall, sooner or 
later, arrive at real knowledge of the 
innermost nature of such phenomena. 
It has to be determined, what is of 


genotypical cause depending on the 
type of the germ-plasm), and what réle 
environment plays. This is a depart- 
ment of research which undoubtedly 
promises significant conclusions. 

Haecker, in a newly-issued work,® 
energetically supports the significance 
of research of this kind. One ought 
to use all possible kinds of methods, 
even evolutionary-historical ones. He 
writes: ‘“This new research work— 
historically developed characteristic or 
race analysis (Phanogentik) investi- 
gates the origin of the outer character- 
istics of the perfected organisms mor- 
phologically and physiologically, and 
seeks to trace their roots step by step 
back over these active intermediate 
processes into the earliest possible stage 
of development. 

“The investigation presents itself 
also as a specific chapter of mechanical 
and physiological development, and its 
object differs from the hitherto espe- 
cially pursued aims of this science in 
that the new investigation has to do 
with a special method and race charac- 
teristics and does not go forward from 
the fertilized egg through the develop- 
ing period but goes back from the 
finished outer characteristic, a _pro- 
cedure which in some respects reminds 
one of the methods of the prehistorian, 
paleontologist, and geologist.”’ 

Also Hammar’ of Uppsala has laid 
stress upon the importance for race- 
biology of embryological constitution 
research, 


6 V. Hecker, Entwicklungs geschichtliche Eigenschafts. analyse. (Phinogenetik.) Jena, 1918. 
7J. A. Hammar, Ueber Konstitutionsforschung in der normalen Anatomie. Anat. Anz. 19106. 


An Outline of Mental Disorders 


MENTAL DISORDERS, briefly de- 
scribed and classified. By Charles 
B. Thompson, M. D., medical di- 
rector of the Mental Hygiene So- 
ciety of Maryland. Pp. 48, price 


75 cts. Baltimore, Warwick and 
York, 1920. 


Dr. Thompson’s pamphlet offers 


an intelligent outline and description 
of the various “insanities,’’ which 
will be welcomed by interested laymen 
who find the terminology of this 
subject confusing. Its plan appar- 
ently did not include anything more 
than occasional incidental reference to 
heredity; and among ‘‘Means of Pre- 
vention” eugenics is not listed. P. P. 
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NECTAR-FEEDING BIRDS 


The Drepanid Birds with Long Curved Beaks Developed Like the Lobelioideae— 
Curved Tubular Flowers 


R. R. C. L. PERKINS in his 
introductory remarks to section 
Vertebrata of the “Fauna Hawai- 

iensis’’ states: ‘‘Remarkable as are 
some other members of the Hlawatian 
Avifauna, yet it is upon the Drepanid 
birds that the interest of the ornitho- 
logist will always be centered. The 
Drepanideae, include thirty-five species 
belonging to no less than genera.” It 
may be remarked that the Drepanideae 
are a family of birds peculiar to the 
Hawaiian Islands and that, as Dr. 
Perkins states, they are of unknown 
origin, owing to their dubious relation- 
ships with outside forms. “‘Dr. Gadow 
has suggested, however, that they are 
related to the Coerebidae, which fact, if 
certain, would leave little doubt as to 
their American origin.’’ A large number 
of the Drepanideae are nectar feeders 
but Dr. Perkins also notes that nectar 
is never the sole food, though a most 
important source of nutriment, he 
says: ‘‘Nectar is undoubtedly abso- 
lutely necessary to the existence of 
Himatione, Chlorodrepanis, Vestiaria, 
Hemignanthus and Drepanis as they 
are constituted; small moths, cater- 
pillars, and spiders, their food-——would 
certainly fail them in sufficient quantity 
at certain seasons.’ A number of the 
Drepanideae have developed long 
curved beaks “‘which make one wonder 
for what purpose such an extraordinary 
development can have taken place.” 
‘Practically all the plants visited by 
birds for food had bell-shaped or tubu- 
lar flowers in which the nectar was 
more or less hard to reach; most strik- 
ing of all are the arborescent Lobelioi- 
deae, and the multiplicity of these 
peculiar plants and their isolation from 
foreign forms bears a striking resemb- 


lance to that of the Drepanid birds 
themselves. 


Indicating likewise an extremely 
ancient occupation of the islands, and 
as the Drepanid birds are the pride of 
the Hawaiian ornithologist, so are the 
Lobelioideae of the Hawatian botan- 
ist.’’ Perkins again says: “‘the devel- 
opment of the extreme forms of these 
birds is not comprehensible without a 
knowledge of the island flora.”’ 

‘A series of observations made on 
one of the most superb of the Lobeli- 
oideae showed that it could only be 
fertilized by these highly specialized 
birds. In this species the pollen is 
mature before the stigma is exserted, 
by which time the pollen has vanished. 
The latter cannot be wind-borne be- 
cause it is shed in a viscid mass on 
contact and so is constantly deposited 
on the bird’s forehead, from which it is 
difficult to remove it.’ To this the 
writer would remark that birds are 
not essential to the pollination of 
Hawatian Lobelioideae though no doubt 
they are important factors in pollina- 
tion. In the Lobelioideae especially in 
the Hawaiian species, we find at the 
apex of the style immediately below 
the stigmatic lobes and usually on the 
lower surface of the stigmatic lobes, 
rows of hair, which are on a level with 
the base of the tube of the anthers at 
the time of the pollen-discharge. The 
pollen remains in the tube of the 
anthers as the anthers are united and 
thus the pollen cannot be disseminated. 
At the time of the pollen discharge 
within the tube, the style has usually 
not reached its full length, but it con- 
tinues to grow and as it pushed through 
the anther-tube it brushes the pollen 
with its rows of hair out of the tube, 
and there the pollen remains adhering 
to the bristles or bunches of hair, with 
which usually the two lower, or in some 
cases all five anthers are fitted out at 


1 From ‘‘A Monographic Study of Hawaiian Species of the Tribe Lobelioideae, Family Cam- 


panulaceae.”’ J. F. Rock. Honolulu, 1919. 
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a DREPANID BIRDS, THE PRIDE OF HAWAIIAN ORNITHOLOGISTS 
| The Drenapids are a family of birds peculiar to the Hawatian Islands. 9 Their origin is un- 


known although they show a relationship to American birds. To understand them one must 
know the flora of the Islands. The birds have developed long, curved beaks, similar in shape to 
the curved, tubular flowers of the Lobelioideae which contain the nectar upon which the birds feed 
and this striking similarity in form suggests that there has been a simultaneous development. 
(Fig. 32.) 
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THE LOBELIOIDEAE, THE PRIDE CF HAWAIIAN BOTANISTS 


These flowers bear a striking resemblance in shape to the beaks of the Drepanid birds. Nectar 
forms the main food for the birds but it is in the long tubular thowers and hard to reach. The curved 
beaks, however, furnish the necessary tools and, while going after the nectar, these specialized 
birds have become important factors in insuring the fertilization of the flowers. Lobelioideae very 
probably existed in Hawai, with different structural characteristics, long before the Drepanid 
birds, but the latter have no doubt been the most effective agent in spreading the former. (Fig. 33 ) 
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their apices. It can be seen that dichog- 
amy is not so pronounced that autog- 
amy is not possible. The proteran- 
drous anthers are often eaten by insects 
or birds (?) and the pollen is thus 
prematurely discharged. 

The base of the corolla tubes, espe- 
cially those of the large flowering 
species, is usually filled with great 
numbers of Brachypeplus (small insects 
with short wings) and the Drepanid 
birds may find in them a source of 
insect food. Dr. Perkins seems not to 
have mentioned that fact, though he 
has often, on being invited, picked off 
specimens of Brachypeplus from dried 
herbarium specimens of the rarer and 
new Hawaiian Lobelioideae. When one 
breaks flowering branches of Cyaneae 
or Clermontiae especially those with 
large flowers, the inflorescences become 
alive with Brachypeplus as well as small 
Carabidae. 


We can judge from these remarks 
that the Lobelioideae must certainly 
belong to one of the oldest groups of 
plants inhabiting this archipelago. 
Long before there were any Drepanid 
birds the Lobelioideae must have oc- 
curred in these islands, to be sure not 
in such numbers, but perhaps in iso- 
lated individuals with structural char- 
acters probably different from those 
which are now existing. Since the 
Drepanid birds themselves show a 
relationship to American birds, we 
must look to the ancestor of the 
Drepanideae of today as the possible 
agent of dispersal of the baccate 
Lobelioideae. That the Drepanid birds 
and Lobelioideae had a more or less 
simultaneous development can again 
be surmised by the fact that in some of 
the Drepanid birds we still find individ- 
ual variation as regards the length of 


the bill.—J. F. Rock. 


SECTORIAL CHIMERA MAIZE 


T. R. KHADILKAR, B. AG. 
College of Agriculture, Poona, India 


N THE rainy season of the last year 
1920, some true breeding varieties 
of maize were sown on the farm 

of the Agricultural College, Poona, 
(Bombay Presidency, India), some 
crosses were made _ between these 
varieties. There was one cross between 
two varieties from the Department of 
Agriculture—Kashmir State, (north- 
ern India). The two varieties con- 
cerned were Canadian Red No. 5 and 
amber pearl pop corn No. 8. One cob as 
a result of the cross was collected. 

The seeds of this cob were sown in 
the cold weather of 1920. Out of a 
large number of plants grown from the 
seeds of this cob, there is one single 
plant which shows this phenomenon: 

The fully grown plant is six feet 
tall and has one tiller. All the leaves, 
young and old, of this plant have one 
half of their laminae bisected by their 
mid-ribs bearing yellow and whitish 
stripes. The leaf sheaths and stem are 
also half striped. The striped halves of 
laminae, leaf sheaths and stem are all 


on one side of the plant. The tiller also 
has similar stripes. 

The appearance of these stripes on 
one vertical half of the whole plant 
appears to be a case of a _ sectorial 
chimera. The accompanying photo- 
graph shows the stripes on the leaves 
very clearly. 

One cob on this plant is selfed and 
it is to be seen in the next (F2) genera- 
tion whether seeds of the selfed cob 
breed true in this character or whether 
the character disappears altogether. 
It is expected that F. generation will 
throw more light on the nature of this 
chimera. 

In Genetics in Relation to Agricul- 
ture by Babcock and Clausen (page 381) 
it is stated that, ‘‘variegated foliage 
which is caused by factor mutations 
causing complete or partial chlorophyll 
reduction are also fairly common 
among Snapdragon, four-o’clock, ge- 
ranium and maize plants. The varie- 
gated character can be transmitted to 
sexually produced offspring.”’ 
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MAIZE PLANT WITH ONE-HALF OF ALL LEAVES STRIPED 


Probably a case of a sectorial chimera. It is a first generation plant from a cross between Cana- 
dian Red maize and amber pear! pop corn, described on the opposite page. (Fig. 34.) 
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LIZARD WITH 
SERPENTINE 
FORM 


R. W. SHUFELDT, C.M.Z.S. | 
Washington, D. C. 


(Photograph by the author; from life) 


What did Ophisaurus ventralis gain 
in assuming the serpentine form? 
Ophisaurus ventralis is the scientific 
name for the common “Glass Snake’’— 
a lizard with serpéntine form, and 
perfectly devoid of the slightest sem- 
blance of any external limbs. It 
ranges over the eastern part of the 
United States, from North Carolina 
westward to Wisconsin, and from 
thence southward into Mexico. Speci- 
mens have been taken having a length 
of nearly forty inches; but that is 
very unusual. As a rule, we rarely 
meet with one measuring over twenty- 
eight inches. As to thé general ap- 
pearance of this perfectly harmless 
saurian,.it is well portrayed in the 
accompanying cut, which is a reproduc- 
tion of a photograph of a medium sized 
specimen sent me alive from Florida, 
where the form is very abundant. 

Many know this lizard by the name 
of ‘‘Glass Snake,”’ for it can voluntarily 
part with its tail, which may come 
away in one, two, or three pieces, but 
not in ten to a dozen, as vouched for by 
the zoélogical mythmongers. The tail 
will grow out anew, but always shorter, 
and with a somewhat different appear- 
ance. Its vertebrae are cartilagenous. 
In contradistinction to the snakes, 
Ophisaurus possesses both well devel- 
oped ear-openings and eyelids. In 
nature it loves to burrow below the 
surface of the ground, especially in 
somewhat marshy soil. Here it finds 
earth worms, insect larve, and the 
other forms it lives upon, while above 
ground it will eat the eggs of small 
birds, grasshoppers, spiders, and the 
like. Our king snake is its greatest 
enemy, for that reptile captures and 
consumes many of them in the course 
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of a year, swallowing them whole—and 
Ophisaurus does not possess the neces- 
sary speed to escape this tyrant among 
our reptiles. 

With respect to color, Ophisaurus is 
beautifully marked, the scales of the 
head each possessing a fine dot of green; 
the sides are striped, the dorsum rang- 
ing from dark brown to black; while the 
ventral surface is of a fine shade of pale 
yellowish green—often almost greenish 
white. The entire surface is very 
glossy, and the feel to the hand that of 
porcelain or smooth glass. 

In 1881, I published, in the Proceed- 
ings of the United States National 
Museum, a complete account of the 
osteology of Ophisaurus, and I showed 
therein that while the form does not 
possess rudimentary humeri, it does 
have the femora in that condition, and 
they articulate with the pelvis in the 
usual manner. Otherwise the limbs are 
but vestigeal structures, and the gen- 
eral morphology of the animal is that 
of a true lizard. 

Taking everything into considera- 
tion, there is no doubt but that Ophi- 
saurus ventralis is descended from some 
ancient species among the Anguzde, 


and herpetologists generally hold that 
it is a “degenerate.” 

Now comes the question: what did 
Ophisaurus gain in gradually passing 
from the form of a true, four-limbed 
lizard to that of a serpent without the 
semblance of limbs? My contention is 
that it lost in every essential particular 
—that is, in so far as the assurance of 
the perpetuation of its race is con- 
cerned. Its resemblance to a snake 
probably trebled the number of its 
enemies; it by no means gained the 
agility of a snake—hence it cannot so 
well make its escape; and it possesses 
no advantage over most lizards in the 
fact that it can voluntarily part with 
its tail. To some extent its coloration 
is protective; but not nearly so much so 
as it is among many lizards, as Anolis 
and the chameleons. Finally, it is but 
an average swimmer—water being an 
element in which many serpents are 
perfectly at home; it soon drowns if 
—— to remain under the surface 
of it. 

What switched the ancestors of this 
lizard serpentwards it is difficult to 
conjecture, and suggestions on this 
point are quite in order. 


BROTHERS COLLEGE FOOTBALL 


A Brief Study Showing That Brothers Are Often Selected to Play the Same 
Positions on Football Teams | 


R. E. KLINGENSMITH 
University of Pittsburgh 


LIST of 29 sets of brothers who 

are playing, or previously have 

played college football under 
coaches who presumably knew the 
positions to which they were best fitted, 
shows that 24 pairs were fitted to play 
similar positions, and 5 pairs to play 
positions which are entirely different 
as to physical requirements and train- 
ing. 

In this connection, ends who had 
brothers playing in the back field were 
considered in the same class, because 
the requirements of the two positions 
are much the same. Ends and backs 


must be faster and possibly think 
more quickly than the heavy lineman. 

Of the 24, two sets are listed as 
playing different positions, but they 
were made over from similar positions 


to fill the needs of their respective 
teams. 


Some notable athletes who seem 
to run to type are the Poe boys of 
Princeton, of whom there were five, 
all backs or ends and all exceptional 
drop-kickers. Much of this ability 
probably came through training, for it 
is known that these boys spent hours at 
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a time throughout their summer vaca- 
tions, practicing kicking. 

The Nesser boys, who came from 
near Wheeling, play all positions. 
There are reported to be from five to 
nine of these brothers, and all of them 
weigh over 200 pounds each. 

Outside of football, the field of sport 
shows few instances where brothers 
have inherited similar abilities. Two 
notable exceptions are the Shields boys 
of State and Penn, each of whom could 
run a mile under 4.25. Five Delehanty 
brothers have all played more than a 
year in big league baseball. 

The reason for this is probably that 
sports other than football depend 
much more on specialized abilities. 
Football is based largely on physical 
strength. 

The data here come only from the 
memories of a few men. If the records 
of brothers playing football were com- 
plete they would still be only a small 
percentage of the number of boys 
playing football who have brothers 
not playing at all. 

If we could sift the qualities which 
make up a football player down to the 
most vital they would probably be 
temperament and physique. 

Both of these qualities depend upon 
a number of things, so that neither is 
often inherited intact. This is the prob- 
able reason that so many football 
players have brothers who do not play 
at all. 

However, our records show that 
when brothers do play football, the 
proportion of those playing similar 
positions is too great to be mere coinci- 
dence. 

The following is a tabulated list of 
players and positions. 


TABLE I 
Player School Position 
M cCrea Yale Guard 


Hickock re 


sé 
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J. Wagenhurst Penn 
A. Stevenson W. Va. . 
Pitt. 
G. Warner Cornell 
W. J. Warner 23 
J. Minds Penn 
Lueder Cornell 
Cool 
G. Rosengarten Penn. 
A. Princeton 
A. Wilson Yale 
Princeton 
y sé 
E. Trenckman 
F. 
ng Banbury Pitt 
Callahan Yale - 
Princeton 
H. Miller Penn 
R. 
H. Stein Pitt 
R. W. «& J. 
H. Robertson Syracuse 
Dartmouth 
A. Bremen Pitt 
(Taken back from line) 
B. Bremen Pitt 
L. Wray Penn 
A. 4é 4é 
V. Alshouse . Pitt 
(Once. played end) 
R. Alshouse 
B. Aiken W. «& J. 
A. 4é 
Ewing State 
E. Neale W. V. W. 
W. V. U. 
A. Norween Harvard 
R. sé 
Morrow Northwestern 
R. Fletcher Illinois 
W. Gardner Penn 
B. Pierce Carlyle 
A. sé 4é 
Wauseka is 
P. Hauser “ 
R. Baldwin Allegheny 
J. Tech. 
5 (6) Poes Princeton 
(Great Kickers) 
5 (9) Nessers Wheeling 


(All over 200 Ibs.) 


Center 
Tackle 
Guard 
Tackle 
Guard 


Back 
Tackle 


Back 
Center 
End 
Back 
Quarter 
End 
Guard 


Back 
Half 


Center 
End 


Center 
Tackle 
Center 
Halfback 
Fullback 


Tackle 
Center 
Guard 
Tackle 


End 


sé 


End 
Quarter 
End 


Quarter 

End 

Guard 

Guard and 
Back 

Tackle 

Back 

End 

Back 

Back & Ends 


All Positions 


q w: 


= 
| 
Quarter 
= 
f; 
| 


